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PRRFACE. 



The following technical paper on the Spermatogenesis and Fecunda- 
tion of Zamia, by Dr. Herbert J. Webber, embodies the results of 
investigations started by him several years ago at our tropical la)>ora- 
toiy in Florida. The time at his disposal for this work was very 
limited, so that it has extended over a muc4i longer period than was 
at first expected. 

As an aid to the practical work of plant breeding it is highly 
important that a more thorough knowledge of the reproduction of 
plants be gained. Such investigations throw light on the phenomena 
of heredity, which are at the foundation of plant breeding work. The 
present paper is of especial inten»st becausi* the large size of the sexual 
nuclei in Zamia has enabled Dr. We>)ber to work out some of the phe- 
nomena of fecundation with greater exactness than has ever ))een done 
l^fore. 

AlJiKKT F. WCK)I>S. 

Office of the Pathoumjist and Phi'siolchjist, 
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SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 

By Herbert J. Webber, 
Phjsiologisi, 



INTRODUCTIOK. 

Within recent years renewed interest has been awakened in thB 
phenomena accompanying spermatogenesis in plants, duo largely to 
researches on certain cycadaceous plants and Pteridophytes in which 
the cilia of the spermatozoid have been found to develop from a body 
resembling a centrosome. This interest was greatly enhanced by the 
fact that the enormous spermatozoids of the Cycadaceae and Ginkgo 
were but newly discovered, and in groups of plants where motile 
sexual cells had not been known to occur. Zoological activity in this 
direction has also been very great in recent years, a number of cases 
having been described in which it is claimed that the axial filament is 
developed directly from the centrosome which here forms the so-called 
middle piece {Mittehtuck) of the spermatozoon. 

The writer's investigations on the spermatogenesis and fecundation • 
of Zanila and Ginhj<t began in 1S97, and since that time several pre- 
liminar}" papers and short notes have })een issued in various places. 
In 1897 three preliminary ])apers were published in the Botiinical 
Gazette and a short note in the Report of the British Association for 
the Advancement of Science. In 1S9S additional observations were 
descril)ed in a report read at the American Association for the Advance- 
ment of Science, and in 1900 still further observations, piiiticularly 
on the morphology and development of the pollen tube apparatus, were 
described. The present paper covers the ground connectedly, more 
in detiiil, and with illustrations. The investigation is of considerable 
interest as throwing light on the phenomena accompanying f(»cunda- 
tion and on the reflation of the cilia-forming organs of spermatogenous 
cells to centrosomes or centrospheres. 

SUMMAKY OF KKCKNT LITKKATURE. 

The following sunnnary of the recent literature on the spermato- 
genesis of Pteridopiiytes, cycadacc^ous ])lants, and Glnh/o^ arranged 
in order of pu})lication, will give an idea of the advancement of our 
knowledge in this direction. 



b SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 

The ocourrenco of spennatozoids in Ginkgo was first announced by 
Hirase, a «Tapanese botanist, in a short note in Japanese in the Botan- 
ical Magnzine of October, 1896, and a few months later in a prelimi- 
nary contribution, ''Untersuchungen uber das Verbal ten des Pollens 
von Ghhjo J/Ww," published in Botanisches Centralblatt, Nos. 2 and 3, 
Band 01), appearing January, 1897. The important features here 
de^scribed, other than the fact of the occurrence of motile spermato- 
zoids in one of the phanerogams where the}' had never before been 
known to occur, was the structure of the mature spermatozoid, which 
was described as consisting of a nucleus completely surrounded by 
cytoplasm. While Belajeff had strongly maintained that the c^^toplasni 
entered into the structure of the spennatozoids of certain ferns and of 
Chavd^ this was yet considered doubtful. Hirase says: 

Die .Si>erinatozoiden von Ginkgo haben eine andere Gestalt als die der hohereii 
Krypt4)gamen. Sie sind eiformig, 82// lang lx»i 49// Breito; in dor Mitte sitzt der 
Zellkern, welcher durch Cytopla«nia vollig umschlossen iHt> Der Koi)f l)esteht aiis 
drei nie erHtreckbar gebauten Spiralwindungen, worauf viele Cilieu wurzeln, auch ist 
ein spitzer Schwanz vorhanden. 

About the same time (November 20, 1896) Professor Ikeno, another 
Jajmnese l)otanist associated with Hirase in the University of Tokyo, 
announced the discovery of spermatozoids in CycaM. The first an- 
nouncement appeared in the Botanical Magazine, November 20, 1890, 
and was almost immediatelv followed bv a short statement in Botani- 
sches Centi-all)latt (61). Here, as in the case of Hirase's preliminary 
announcements above referred to, the articles are limited to a simple 
statement of the occurrence of the spermatozoids and their structure, 
nothing being given as to their development. Ikeno wrote: 

Sie sind etwas grosser als die letzteren [those of Ginkgo'] und entlialt^^n Zellkern 
und Cytopla>»nia. Der Zellkeni nimmt den niittleren Theil dersoHwn ein und wird 
von deiii Cytoj)lasma vollig unihi'illt. Der Kopf l)e8teht aus vier 8[)iralwindungen 
und tnigt sehr reichlioh Cilien. Iin jwllinschlaiieh findet man zur rirhtigen Zeit je 
zwei durch «lie Theilung der generativen Zelle entstandene Si)ernuitoz<)i<len. 

In the June, 181)7, numl^er of the Annals of Botany. Ikeno and 
Hirase (68) together . published a short note in English announcing 
the discovery of spermatozoids in Ci/ca.s and Ginhjn, However, no 
important additional facts were given. 

In the June, 1897, number of the Botanical Gazette the writer!s 
first preliminary paj^er, entitled "Peculiar Structures Occurring in 
the Pollen Tube of Z^nula^'^^ appeared. The ix)llen tube apparatus was 
described and the central cell (generative cell) was traced through its 
growth up to the close of its division just preceding the formation of 
the spermatozoids. Ver}' large centrosome-like bodies were found 
in the centnil cell and their growth, structure, separation of outin- 
membrane into segments during division, and disconnection with spin- 
dle formation was descri))ed and figured. The discovery of motile 
spermatozoids was also announced, but their development was not 
explained,. 



INTRODUCTION. 9 

III the July, IS97. number of the Hotanital Ganette tho writer's 
second preliminary paper on "The I>i've]opriiriit nf the Antherozoidfi 
of Znni'ii" appeared. The niemhnmc formed from the outer wall of 
the eentrosoine-like Ixxiy was found to grow into an extendiil Imnd 
which assumed the form of a helieoid spiral, became appressed a^in»t 
the phiKma mombmne of the celt, and gave rise to the cilia of the Mpemia- 
tozoid. The cilia appear first as nmall protui>emncPs on the l>and and 
gruduully grow in length until mature. The structure of the mature 
spemtatozoids, their motion.^ in the pollen tube and while cwimmipg 
free in .sugar solutions, were described and tigured. Their action in 
the pi-ocess of fecundation was alw) described. 

Alraostsimultaneouslywitlithepublit^ationof the writer's .second pre- 
liminary paper on "The Development of the AntheroKoid)> of Zamia,'' 
Belajelf. a Russian botanist, published two pi-eliminary papers describ- 
ing the presence of a cilia -forming organ or Nvlnn^ki'nt in the 3p«>rt]iatids 
of Filietnea.' and Ekpiisotinete {% and 9i), which is doubtless identical 
with the similar organ in Zamia and Ginkgo. They apparently origi- 
nate in tJie spermatids, since no trace of them could be discovered in 
the spermatid mother-cells in the resting condition or during karyo- 
kiiiesis. The first changes visible in the metanioiijhosis of the sjx'rma- 
tid cells occur in these organs. They gradually tjccomc extended 
into a thitad which assumes the form of a helieoid spiral of which the 
extended turns of the posterior end surround the nucleus. The cilia 
of the s]X'rnni toxoids are developed fi-om the anteritir end of this 
i-pirnl. appearing fli-st as small protulK-nmces on the thread, which 
tinally la-come greatly extended and. form the cilia. 

In the OctolH?r immber of the Itetanical (lazettc the writer's third 
pi-eliminary paper. "Notes on the Fecundation of Zamia and the 
l*ollen-tul>e ApiMimtus of Giiikgo." appeared. In this [wpi-r the 
important features described were that in the fecundation of Ziimla 
the siH'rmatozoid enti'i-s the protoplasm at the ujiex of the egg cell 
where it undergoes disintegration, the nucleus escaping from the 
cytoplasm and spiral iHind of the s|)ermatozoid and passing thence 
alone to the egg imcleus with which it unites. The fecundation is 
thus a union of cells, the cytoplasmic structures of the spermat^zoid 
fusing with the cytoplasm of the egg cell, while the spoi-m nucleus 
pai$ses on and fuses with the egg nucleus. The spiral band which is 
developed from the centrosonie-like f>ody was shown to have no con- 
nection with the process of fecundation, ii.omiining. after the escape 
of the nucleus, intact at the apex of the archegonium and gradually 
disapjK'aring during the development of the embryo. The centi-osome- 
like bodies in the generative cell of Oi/ii(/o. first described by llirase 
and termed " attractive spheres" (5fl), were found to originate de rrnvo 
in the cytoplasm, and their undoubted identity with the centrosome- 
like Itodies in Zamia was pointed out. These bodies in Z-nni'i and 
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Glnhjtu b(»iiijr distinct from typiciil controsoine.s in their iniiin func- 
tion, nanioly. tliiit of fonuini^ the motile cilia of the speriuatozoid. 
were here named hli-jflutrfq^la^tH. 

Early in 1SH8 Ikeno, in a short piper in Flora (60), announced the 
oci'urrence in the sjx»rmatids of Ct/fVM vrmlufa of eilia-fonnin^ or^ns 
like the bh4)harophists of Zomnu and claimed that thee^e and the 
Xrht-nkern of the FilicintMO and Kcjuisetineie are nothing* but ^nuino 
eentrosomes. 

loiter in ISJ*8 Shaw (lo:>) described the fK*cun*ence of hlepharoplasts 
in the spermatid mother cells of OntK-l*:ti and J/ftnti/iU which developed 
into a cilia-bearing band, as in the cases describwl l)y Belajetf. Shaw, 
however, was able to d(»monstnite the occurrence of similar Ixxlies in 
the primordial mother cells {f'nuHtfrrzrlhn), At the close of the 
division which gives rise to th*» primordial mother cells small round 
bodies, called by Shaw hl*^p]niiu»jphtstnldH^ became visible. I>uriii<f the 
resting stage of the midei the blepharoplastoids divide into two, 
increase in size, and remain near the nucleus. As soon as the nuclei 
of these cells prepare to divide the ])air of )>lepharopla.stoid.s move 
away from the necrleus and take a position at one side in the cytopla.sni 
about midway bc^tween the pole and the equator of the spindle until 
near the end of the metakinesis stage, when th«\v disappear. The l>le- 
pharoplasts proper appt^ar as very small bodies, one at each i>ole of the 
spindle, about the tinn* that the hi, jtluimj^JiiMfuitls disappear, or occa- 
sionally slightly before. During tin* resting stage of the spermatid 
mother cells tin* blepharoplast divides into two, and these g'mdiiallv 
separate and move to a position in the cytoplasm near where the poles 
of the n(^\t spindle is formed, but always slightly to one side of this. 
After the completion c»f the division tliey hecome extended into the 
cilia-i)earing band. 

In June, IM^S, Hirase's complete monograph on tin* fecundation and 
embryology of (rtnhjo appeared («)2), describing in detail the develop- 
ment of th(» spiM'inatozoids. Tli(» cilia (»f the spcrniatozoids are here 
developed from a membi'ane, which is foi-ined from the blepharoplast, 
th(» sanu' as in Z^////A/, (littering only in minor (U'tails. The writer con- 
siders the blepharoplast to be nothing moit* than a centrosome and 
calls it such throughout liis monograph. Hiiase <leseribed the sj^^r- 
matozoids of (rlnhin as Imvitig a well-(lev(^lo]MMl ttiil attached to the 
posterior end, which would make them seemingly (juite ditterent fi'oni 
the si)ermatozoids (les<*ribe(l bv the writei*. Manv features of this 
monogra])h will be discussed in tlie present ]):iper in comparison with 

In the re])ort of tin' Boston meeting of the AnM'i'ican Association 
'foi* the Advancement of Science. pul)lishe(l in ScitMiee November 11, 
IsiJS, \\\K\ writer (I'iT) descril)«'d the phenonnMia <*onne<'ted with the 
})urstingof th<» bh^pharoplast in Znmni at the elose of th<' division giv- 
ing rise to tln^ sj)ermatids and the fornr.ition of \\\y <*ilia-bearing band. 
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The blepharoplflst was described ii-s iiu-reasiiig in size and separating 
into wegmenty or plates, which ultimately fomi numerous round or 
elliptical granules that collect into a compat* mass in the place occu- 
pied by the blcpharoplast. These gmnules ^adually fused together, 
forming the ciiia-bearing membrane of the spermatozoid. 

Slightly later in the same mouth. Jiovouilicr 23, Ikeno'a complete 
moiiogmph on the development of the sexual orgaus and the process 
of fecundation in Cyca« re^yolnia appeared (70). The details of the 
development of the spermatozoids, described by Ikeno for Vye^s, are 
almost entirely identical with those previously described by the writer 
for Zaini'a, ditfering only in two important details — the connection of 
a protuberance from the nucleus with the ciliferous band during its 
growth and elongation and in the presence of a tail attached to the 
posterior end of the spermatozoid. In the fecundation of ('yfa^,ss in 
(but of Z<im!u, the ciliferous band luid cytoplasm remain at the apex of 
the archegonium, the nucleus only fusing with the egg nucleus. Many 
features of this monograph will be discussed in the present paper in 
com|mrisoa with Zn/Hrn. 

lu December, 1898, Fujii (39 and 4(i)i ftnotier Japanese Ixitanist, 
called attention to an apparently serious contradiction between the 
observations of Ikeno. Ilirase, and the writer as to the presence of a 
tail in the sperma toxoids, and described the results of ol>servation8 
made on the living spermatozoids of Ginhjo. He concluded that 
Hirase was in error in clainung the presence of a tail in Ginh/'r and 
thinks the appendage supposed by Hirasc to be a tail was a malforma- 
tion due to compression in the escape of the spermatozoid from the 
pollen tube. Similar conclusions have been reached by Mr. IJessey (15), 
one of the writer's a-ssociates, after a careful examination of living 
material. 

In July. 189i', Belajeff (14) brought forward further evidence to 
show that the blepharoplast must bo considered a centrosome. He 
found by a careful study ot Mamih'n that the blepharoplast here not 
only occupies the pole of the spindle, but evndently tiikes jwrt in spin- 
dle fiirntiition. He thus concludes that it is a veritable centrosome, 

Strusburger, in bis recent monograph (112) entitle<l '"Uelter Redue- 
tionsthcilung, Spindelbildung. Centrosomen, und Cilienbildner im 
I'tlanzenreich,'" which appeared early in li*00, has again gone over 
the ground of swarm-spore and spermiktozoid fomiation. and concludes 
that the blepharoplast of spermatogenous cells is distinct from a g^n- 
nine centrosome or centrosphcre, and traces its origin Imck to the 
'■Jfi'/.'Md/^" of the swarm-spores of Cladvphnra, (Edutjonuun, etc, 
from which the cilia originate. His discussion of the matter is of the 
highest interest. 

In 19t)0 the presence of spermatozoids in a third genus of the Cyimda 
was proven. This was accomplished by \ja.ng (77) in his investigatioD 
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of Stayigeria j>aradoxa. The spermatozoids in this instance have not 
yet been studied in the living state and the details of the spennato- 
genesis have not yet been followed. 

In the report of a paper read before the American Society for Plant 
Morphology and Physiology, published in Science, February 15, 1901, 
the writer (128) described the cell division giving rise to the stalk 
cell and centi*al cell, and the morphology of the prothallial appai-atus 
which has been entirely misinterpreted in all previous descriptions. 
The description there given is the same as that published in this 
monogi'aph. 
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METHODS AND MATERIALS USED. 

The investigations have been limited mainly to the species of Z/imm 
growing wild in Florida. Ginkgo was studied somewhat for compari- 
son, but as this plant was being studied by Dr. Hirase, little time was 
given to its investigation. W^hen the writer began the investigation 
of Z(iin!(i the forms growing in Florida were all geneniUy referred to 
jiamla integnfoUn J acq. In the course of the investigations it was 
foiHid that there were at least two distinct s]f)ecies in the State, neither 
of which could be considered as belonging to Zani'ta Intcgr'tfoUa ^\\i;x\.^ 
which is a West Indian species. One species is found vei-y abundant 
on the east coast of Florida south of New River. This corresponded 
well with the description of ZnmUi fiorhlana D. C, and a comparison 
of a fragment of specimen and a tracing in the Kew Herbarium of 
De Candolle's original specimen showed that the south Florida form 
must undoubtedly be referred to this species.* It has large elliptical, 

' Zamia Jioridana D. C. ( Prodroimit? 16, p. 544. ) leaves ovate or ovate-lanceolate, 
20 to 30 cm. long, excluding the petiole; petiole about 20 cm. long, unarmed, trian- 
gular, eericeo-tomentose at base, with scattered hairs above; leaflets mostly oi>iM><ite, 
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strongly umbonate cones t> to S inches long and about 2\ inches in 
I dianiet#r. 

The other Florida speries is found along the east coa^t of the State 
from Tituaville north to St. Aiiguatinc. Its southernmost extension 
on the east wiostof the .State, so far as knovtn, is about 150 miles north 
of the northernmost extension of ZaTiila Jf<irtfiiin<i. The writer's study 
of this plant seems to indicate that it must he referred to Xiimia 
pumlla L.' Some doubt remains, however, in regard to this, and it 
may ultimately prove to be an undpscribed form. 

In 1893 the writer tirst bi*gan the rollet^tion and preservation of 
Znmia material in prepamtion for a study of the spermatogenesis and 
embryology. The investigation can hardly l)e said to have com- 
menced, however, until the appearance in 18i'6-97 of Hiraso's and 
Ikeno's preliminary papers announcing the occurrence of spermato- 
zoids in Ginkgo and Cycas. A study of the spermatogenesis and 
phenomena of fecundation was then commenced and carried on as 
rapidly as possible. 

It was found by experience that cones of the two specie*, could be 
wi*apped in paper and shipped a two days' journey without noticeable 

nnoolh above, with scattered hairs below, 1-1 to 30 pairs, linear, 9 to 14 cm. long 
onii 3 to 7 mm. wide, fklvat^ and aoinewhat twisted, approximately eret-t, 10 to 16 
nerveil, oarrowed at base, apex olitiue, with five or six obscure dentfttions, margin 
revolute; mature pistillate cones, oblonn;, 13 to It^ cm. long and 6 to 8 cm. in diaiu- 
eler, markt^lly umbonate, densely tumentose, with pereislent dark brown hairs; 
peiluiiL'le femucineoiiH, toineulose, short, about 10 cm. lon^; seed-bearing scalee imi- 
tate, hexagonal, thick and somewhat hemiHpherical at outer end; »'taminatu ntnes, 
oblong, dark brown, tomeiitoee, alwut 8 cm. long and 2J ni\. in diameter; peduncles 
ebort, 5 to 10 cm. long. Very abundant iu southern Florida on the east coai^ below 
New Kiver (latitude about 26° W), Inhabits open, coiuparatively dry pine forests 
(flat woods). Included in Z. inUffrifolm by Gray anil Chapoian. Not Z. intej/TiJoUa 

' Zatniapumiial^ (in part), Leaves ovate, exclusive of petiole 20 to 30 cm. long; 
petiole uiianned, about 20 cm. long, triangular, sericeo-tomeutose at base and with 
Bcflllered hairs above; leaflets mostly opposite, but frequently irr^^larly placed, 
smooth above and with scattered haint Itelow, 16 to 22 pairs, linear-lanceolate, some- 
what falcate, 7 lo 11 cm. long and S to 16 mm. wide, mostly straight, but occasion- 
all j slightly twisted, 20 to 2S nerved, narrowed at base; a|>ex obtuse, slightly serrate, 
msi^n revolute; mature pistillate cones, elliptical, scarcely umbonate, 6j to 10) cm. 
lonft by 5 to 3 cm. in diameter, densely tomentose, with femigineous, somewhat 
dedduous hairs; seed-bearing scales peltate, hexagoual, thin, and somewhat flat- 
tened at outer end; peduncle terrugineous, toiiientone, short, about 10 I'm. long; 
staminate cones, oblong, brown, tomentose, about 8 cm. long and H cm. in diam- 
eter; peduncle short, about 5 to 10 cm. long. Abundant in central Florida, parlicu- 
lariy on the east <:oast between latitudes 23° W and 29° 30'. Inhabits mostly dense 
moist woods (hammocks). 

Z. puiaila differs niainly from Z. llorUlnna in its shorter and broader leaflets, which 
are less twisted and not so erect and rigid, and in its shorter noniim1>onate cones 
with seed-bearing scales thinner and more flattened at outer end. It, furthennore, 
ia very distinct in range and cbarw^ler of habitat 
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injury tit the developing sexual orgnns. Arrangements were conse- 
quently made hy which nhipmcnts of cones of the two species were 
received at regular intt'rvals thi-oufj^liout the developing season. The 
conea of Zajniajfnridtnm wei'e obtained at Miami, Fla. Two of these 
cones were mailed to the writer thi*ee times a week during the period 
found HGccssary to secure the desired stages. The cones of Zavua 
pumilii were collected at New Smyrna and Daytona, Fla., and these 
wer« gathered and mailed to the writer twice a week, two or more 
heing sent each time. In no cane was the material injured in ship- 
ment 80 that any change in development eould he oiiseiTed. Conea 
remained fresh for a week or move after their receipt, and the normal 
process of pollen-tul>e development seemed to go on as uriual until the 
seeds became very dry. This would normally be exjHJcted, as the 
developing pollen tubes derive their nutrition entirely from the 
nucellus, and the .seeds are prote<.'ted by their lot^ation, in the interior 
of the closed hairy cone, from any loss of moisture. All material 
fixed and utilized in the inve.stigation was cut out and prepared imme- 
diatclj' on the receipt of the cones, being taken thus aliout three days 
after the cones were cut from the plants. At several periods in the 
development visits were made to the regions where the plants grew, 
and absolutely fresh material was gathered and fixed in abundance for 
comparison. In all cases, however, material mailed to the writer gave 
results exactly the same as that cut and fixed in the field. In many 
cases cones were kept in the lalwratory for one or two weeks after 
being received, and were examinea at intervals to note how long they 
would remain satisfactory for study. In the examination of such 
cones the WTiter frequently found the spermatozoids living and moving 
in perfectly normal condition the same as those examined in the field 
a half hour after they were cut from the plant. The writei' was located 
at Eustib, Fla.. while the material was being shipjjed to him and pre- 
pared, hut mail from Miami and New Smyrna required two days to 
make the journey, and could have been sent just as satisfactorily to 
Washington or New York. The facts regarding the shipment of the 
cones are given in some detail, as it is thought that Ziim/a nhould 
become a standard object of investigation and demonstration in the 
botanical laimratories of universities in the Elaatern United States, 
and no trouble should be experienced in obtaining cones in good con- 
dition for study at any point within a three or even four days' railway 
journey of Miami. Fla., where abundant cones of Zamin Jftrridina can 
be obtained. This is by far the best species for study, as a much 
lai'ger percentage of the ovules are fecundated and a much lai-ger 
numlier of pollen tulws are found developing in each ovule than in the 
case of Z. pvmil'i. Further than this, the plants of Z(imi>i fminlla are 
more scattered, and it requires a considerable amount of work to secure 
y gfeat number of cones. Ziwu'iijlcm'dtma, however, is very abun- 
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d»iit at Miami, nnd almost an unlimited ntiinlK'r of <- 
aii_v season. The following statement of dates at 



L'S can Iw set-urod 
hieh time imi>ai-- 

tant changes take place in the developing organs of Znmlii ^fiorlilana 
may be of s*'rviee in guiding investigators in the seeiiring of imjxirtant 
stages for investigation. It must be rernemljercd, however, that dif- 
ferent plants vary eonsiderably in their stages of development, and the 
dates are thus only approximate. 

{ 1 ) Pollination tsken place the last of Ptfember aind flret ot Jamwry. 

(2) Germination of pollen unrl growth of jirothallial appannis from .lanunry I tn 

(3) The division of the rKH^otiil prolliallial i-ctl, giving riw tn the stalk cell and 
central cell, owuri' February la to March 10. 

(-1 1 The hltiiharoplaets fimt appear alfOut Man^h 1 to 20. 

(5) The tiTBdual development of the central eeW hlepliHroplafla and jirothallial 
appuratUH continues from March I to May 30. 

(6) The pi^jphftse n[ division o( the central cell uppe«rn alx'til Muy 2ii to sri. 
(71 SpermatoKiids mature mainly between June 1 and 1.5, 

(8) Fei-'niidation takes pkce mainly between June 1 and IS. 

In Z-imlu pumila the dat« of maturing of the spcrmatazoids and of 
fecundation in 1897 was fully three weeks later than in Z. ^fon'iijinji, 
and it 19 probalile that this species is ordinarily considerably later. 
On the other hand, the date of matui'it}' of the male oones. the |Milli- 
nation, and the tirst appearance of the blepharoplastjj in the two 
spp<'ies was found to be about the same. 

When the cones were received the seeds were eut out and a portion 
of the apex of the nucelhis A to 4 mm. in diameter, which contained 
the developing pollen tubes, was transferred a-s quickly as pos.'iible to 
the tixing solutions. Iij preparing the urchcgoniu fur study, cylindera 
about 5 mm. long atid 2^ or 3 mm. in diameter were cut out of the 
apical portion of the prothaltus containing the archegonia, and trans- 
ferred to the tixing solution. Quite large portions of tissue nuist be 
used in this case from neces.sity, as the egg cells if cut into are 
destroyed for study, the protoplasm flowing out. In some cases por- 
tions of the seed were cut out and prepared, with the nucellus and pro- 
thallus in connection, to show the apparatus in «iiu, liut this method is 
not satisfactory for the study of the finer cytological details of 
structure. 

Various fixing agents were used in the course of the work, including 
Flemiiiing's cbromic-aceto-osmic acid solution, weak and strong. Her- 
miinn's platino-aceto-osmic acid solution, Van Kath's solutions II, III, 
and IV, chromic acid one-half jK-r cent and 1 [ler cent, etc. Flemming'a 
strong solution was used more than any of the other tixatives, and -gave 
in geneiiil the l)est results. Its time of action was varied considenibly, 
and in probably the majority of cases it was used diluted souiewhat 
with water in the ratio of one part of the sti-ong solution to two, four, 
nine, or nineteen jiarts of water, In general, a solution of one part to 
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four parts water gave very excellent results in fixing the pollen tube 
apparatus. In the fixation of the archegonia, however, at the time of 
fecundation and during the development of the embryos, it is neces- 
sary to use the fixative very strong, as it is difficult for the solution to 
penetrate the starchy matter of the prothallus which surrounds the 
archegonia. 

In staining, the Flemming triple process with saf mnin, gentian violet, 
and orange G. gave b}^ far the best results and was most extensively 
used. Heidenhain's iron-ha;matoxylin was also used considerably, and 
besides this Czoker's alum cochineal with Bismarck brown, fuchsin, 
and some other stains were occasionally used for comparison. 

DEVELOPMENT OF THE MICROSPORES. 

The pollen cones (figs. 3 and 4) of the two Florida species of Zrt7nia 
begin to appear at the apex of the stem in July and continue to 
develop until the following January, when the pollen is discharged 
and pollination takes place. 

The mature pollen grain examined in water is nearly spherical, but 
somewhat flattened on one side where the prothallial appai'atus is 
attached. (Fig. 11.) 

The earliest description of the pollen of Za?)im known to the writer 
is that of Schacht (97) in 1860: 

Endlich hat Zamia ein kleinea PoUenkorn mit einer sehr tiefen Ljin^falte, welche 
eich in Wasser nicht ausgleicht. (Taf. XVII, F. 26 und 27. ) Dieser Falte gegeni'iber 
liegt die kleine Tochterzelle, welche erst bei sehr gelungenen Querschnitten sioht- 
bar wird (F. 28) und wahrscheinlicJi wie bei Cupressus riicht zur Ausbildung 
kommt, wiihrend die grussere sich als PoUenschlauch verliingert. 

In 1872 Juranj'i (72) described the structure and development of the 
pollen of Ceratozamia longifoUa^ which evidently corresponds closely 
with what occurs in Zamia, He found that two small cells were regu- 
larly cut off at one side of the large cell, and in some cases three. 
While the different cell stages of development are described and fig- 
ured, the details of the division leading to the formation of the differ- 
ferent cells >vas not followed. 

In his study of the development of the pollen of certain Cycads, 
principally Ceratozaviia mexlcana^ Guignard (45) was unable to con- 
firm Jumnyi's conclusion as to the occasional production of three pro- 
thallial cells. ''According to the observations of M. Juranyi," wrote 
Guignard, "a third small cell may be formed by the division of this 
latter nucleus; but it does not appear to be so in the case of CVrafoza- 
viia viexicaaa,'^'' ^• 

* " D'apres les observations de M. Juranyi" wrote Guignard, ** il i)ent se faiiv ime 
troitfi^me petite cellule, par suite de la division de ce dernier noyau; niais il ne pa- 
ralt i>as en ^tre ainsi dans le Ceratozamia mexicana,** 
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111 the formation of thp twit jiruthalliul I'olls, Guignai'd shows that 
in each case it is the nucleus of the large cell which divides in cutting 
off the small cells uf the prothallus. 

In the s[ie(;ies of Zuima studied by the writ43r, the mature pollen 
grain always shows two prothallial cell^ cut off at one side, and pro- 
truding into it (tig. 11). The dfvelopment of the pollen has not been 
carefully studied, and the details of the formation of the prothallial 
cells in not known. It seems from the writer'.s observation, however, 
that three cells are at least occasionally formed; and in this ca^e the 
first one cut off is resorbed, as described by Strasburger (IW) and 
others in /Vjmm, Ginktjo, etc., remaining as a dark more or less refmc- 
tive layer in the wall of the pollen grain situated &t the point of con- 
tact of the other cells (%«. 11, 13, and 14). In many instances of 
mature pollen gminK, and in later stage.s, during germination, no indi- 
cation of this resorbed prothallial cell can be observed. Imt in some 
cases it may be seen very plainly, and is unmistakable. 

In Ginkgo^ according to Strasburger (109) and Hirase (62). the 
nucleus of the pollen grain undergoes normally three divisions, by 
which three prothallial cells are cut off, the first of which becomes 
compressed against the wall of the pollen tube and is largely reaorbed, 
in the maturo pollen grain appearing verj' indistinctly as a slight 
laver in the wall (Strasburger, 109, PI, I, lig», h to 7, and Hii-ase, fiS, 
tig. 1)- , _ 

A careful investigation of the development of the pollen of Zamia 
will have to be made liefore it can he determined whether three 
prothallial ceils are regularly formed or whether the remnants of a 
third cell, occasionally observed, are to be considered as cases of rare 
and somewhat abnormal development. Judging from the normal 
occurrence of three cells in Ginkgo and Pimte, it would seem that 
probably three cells may also be normallj' formed in Zamia. How- 
ever, in the iraiture pollen grain, and in the pollen grains after 
germination in the nucelliis. a third cell can only occasionally be 
observed, and the description here given will deal mainly with the 
two prothallial cells plainly evident in all cases. 

The nomenclature used here for the various cells of the antheridium 
is somewhat different from that usually used. It was thought be^t to 
use t*>rms more in harmony with those UMcd in the I^teridophytcs in 
order to avoid confusion. The two pvotliallial cells normally cut off 
in the jHtllen gi-ain are distinguished in the (H'der of their formation 
as the first and second prothallial cells (Pi and P2). When the 
second prothallial cell divides it gives rise to the stalk cell and central 
cell {KOrjwr cell, body cell, genemlive cell, etc.). The cell here called 
the central cell is considered by Strasburger (10(t. p. 7) and others as 
corresponding to the centml cell of the antheridiuio in ferns. The 
5526— No. 2—01 2 
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fentnil c-t;ll when it divides gives rise to the sjjermatidi*, whii-h become 
metamorphosed directly into .spiTiimtozoids. The eiitli-e appurutuit, 
including the stalk cell and omtral cell (Korjierzelle or genomtive 
cell) in M[x)ken of throughout a^ thi.' itiule prothallu^, or dimply pro- 
thallus where it is not necessary to distinguiith more cloaely. The 
Domi'iiclature here given corresponds with that used by Shaw io 
MarHllla (102). 

Iq the case of Giidcgn. judging from ytrasburger'sand Hirase's fig- 
ures, the walls of the prothallial cell-s cut off extend coiiipai-atively 
straight across the pollen grain, in each cell the new wall as formed 
being attached to that of the pollen grain. In Zdmla quite a differ- 
ent form is found. Here the cells arch out into the tube cell of the 
pollen grain (lig. 11). In none of these cells is a celluloiie wall laid 
down, there being nothing hut a piii^ma membmnc or hautschicht 
formed. The first prothallial cell is shaped like a plano-convex lens 
and arche.** out into the second prothallial cell. In the mature pollen 
grains it can not bo determined whether the plasma membrane formed 
in cutting otT this cell is attached at the sides to the plasma membi-aDe 
of the tube cell, as must lie the ca.so if only two prothallial cells are 
formed, or to that of a third rcsorbed prothallial cell. In some cases 
of germinating pollen grains where the prothallial apparatus has 
developed considerably and where remnants of a resorbed third pro- 
thallial cell can be observed, the attachment would seem to be to the 
plasma membrane of this cell (figs. 13 and U). This would also bo 
indicated by Jui-anyi's figures of Vertitozamin (7'2, Taf. 33, tigs, 8-11). 

The second prothallial cell is attached to the first prothallial cell and 
arches out into the tulte cell. Its membmne is connected only with 
tiiat of the first prothallial cell. This cell, while the most important 
and ultimately much the largest, is in the mature pollen grain consid- 
erably smaller than the first pi'othallial coll. The protoplasm of the 
prothallial cells is densely granular and the nuclei, which nearly fill the 
cells, are difficult to distinguish. The nucleus of the tube cell is much 
larger than the nuclei of either of the prothallial cells and is situated 
at the apex of the prothallus. 

The mature pollen graiu of (Jycm revoluta, as shown by Ikeno {70, 
PI. VIH, tig. V.i). would .seem to be considerably tlifferent from Znmla, 
ID that the cell inemhrane of the prothallial cell extends .straight acitjiss 
the grain, as figured by Stnwburger and Hirase in Giiikyi). insteud of 
arching out into the tube cell as in Zat/iin. The structure described 
by the writer in Zfimia is the same as that described hy Juranyi (72) 
and (niignai-d (rto) as occurring in Mderosarnia. 

Pollination in both of the species of Zamia studied apparently takes 
place in the latter pait of December and first of January, and is accom- 
plished mainly through the agency of tlie wind. The pollen is pro- 
duced iu great abundauce and is light and easily carried. The scales 
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of tlie feniulf couch throughout their existence, except at the time uf 
pollinatiun. are tightly cloi^d, ao that no dust eaii gain admii^-sion tu 
the iiil«rior (figs. 2 aud B). When the t-one is receptive and ready 
for pollination the ba8Hl scales of the twino separate fifun those above, 
leuviDg u crack about one-eighth to one-fourth of an inrh wide between 
them. This crack extends around the entire base of the cone and 
apjHirently remains open at leiiwt a day or more, though the time has 
not been determined hy a^'tuiil observation. When the ovules are pol- 
linated, apparently the row uf s(rale8 immediutelyabove this move down- 
ward, closing the original crack and leaving a similar opening between 
them and the row of stales next above. This process evidently con- 
tinues in succession, following the spiral arrangement of the scales, 
until the top is reatihed and all of the ovules have been pollinated. 
Several days are evidently consumed in the process of pollination of 
a single cone. The scales evidently reverse in quite regular order, as 
the opening between them is never found here and there over tlie cone, 
but always in a continuous and quite regular crack running around 
the cone. A single scale does not remain open longer than others 
because its ovulos have not been pollinated, as might be supjx»st'd f i-oui 
the fact that almost universally among plants the style of a pistil 
which has not been pollinated remains fresh and the stigma receptive, 
and persists for a much longer period than in oue which has been 
pollinated. The effect of pollination in Zamla seems to have no influ- 
ence on the length of time during which the scales remain open or on 
their endurance. The writer has found many cones de\'eloping nor- 
mally for Heveral months after pollination in which only a few seeds 
had set, and frequently mature cones have been found containing only 
two or three seedn. This infertility is doubtless due to the lack of 
pollination, as it has only been found in the case of Z. jnnnilu at New 
Smj'rna and Daytona, where microscopic examination has revealed a 
decided lack of pollen, many ovules lieiug frequently found in a cone 
without a trace of pollen or pollen tubes. The plants of this species in 
these regions are st^attering and pollination is frequently very imper- 
fect. 

Z. fioridaiva in the regions studied is very fertile, almost every 
ovule being fecundated and maturing a pei-fect seed. 

DEVXLOPUENI OF PISTILLATE CONXB. 

In the present paper the structure and development of the pistillate 
cones (figs, a and (!) will be discussed only so fai' as it Iwars on the 
question of development of the pollen tubes and fecundation. At a 
lat*^ir time the writer hopes to describe the development of the arche- 
gonia more in detail. 

At the time of pollination the ovules are about 1 cm. long by 5 mm. 
bixiad (lig. '■!). The single coat of thu naked o^ule is considerably 
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thickened at the apex, and the micropyle through which the entire 
pollen grain must pass forms a continuous tube from the surface to 
the apex of the nucleus, a distance of about 3 mm. The micropyle at 
the apex of the ovule may be seen with the unaided eye as a small 
round hole somewhat smaller than the diameter of an ordinary pin — 
about one- fourth millimeter (figs. 1 and 9). 

The nucellus at this time is about 2 mm. in diameter and pointed at 
the apex. Shortly before pollination the tissue at the apex of the 
nucellus was found to be solid entirely to the point; but just before or 
during pollination a cavity, the pollen chamber for the reception of 
the pollen, is formed in the apex by the breaking down of the tissue 
(fig. 5). The pollen grain to be effective must pass through the entire 
length of the micropyle and finally come to lie in this chamber. It is 
diflScult to understand how the nonmotile pollen grains can ever reach 
the pollen chamber, which would seem to-be absolutely safe from infec- 
tion by them. It is easy, however, to see how^ a few grains may be 
wafted b}^ the wind into the cone, when the scales sepamte as above 
described, and rattle down to the axis of the cone, around which the 
apexes of the ovules are crowded. 

The passage of the pollen grain through the micropyle is evidently 
accomplished b}^ suction. A mucilaginous, stigmatic, or micropyiar 
fluid is secreted by cells of the ovule coat surrounding the micropyle, 
and this is evidently protruded in a drop from the micropyle at the 
time of pollination as a trap for the pollen. This secretion has at least 
been observed several times by the writer protruding from the open- 
ing of the micropyle at about the time of pollination, and its formation 
is thought to be of normal occurrence. This secretion later disappears, 
and a suction Ls probably foniied by the breaking down of the cells in 
the formation of the pollen chamber which leads to the fluid, together 
with any pollen grains which have come in contact with it, being dmwn 
down into the required position in the pollen chamber. The gradual 
absorption of the fluid by the cells of the nucellus bordering the pollen 
chamber would, of course, accomplish the same result. The breaking 
down of the tissue at the apex of the imcellus in the formation of the 
pollen chamber occurring about this time would seem to have some 
significance of this sort, and is believed by the writer to unquestion- 
ably be connected in some such way as above described in securing the 
passage of the pollen gmins to the nucellus. In reaching the entrance 
to the micropyle of the ovule the pollen grains largely follow the trend 
of gravity. The passage of the micropyle, however, which is but 
slightly larger in diameter than the pollen grains, must be made against 
the action of gravit}', and some such explanation as the above is neces- 
sary to understand how it can be ai'complished. In Ginkgo and (J yean 
the pollen must pass through a similar long and narrow micropyle, and 
some such method of pollination must occur. 
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At the time of pollination in .Tanu»ry the prothnlluf* forms r spher- 
ical masts of Mift, watery, rapidly -developing tiswuew in the middle of 
the nueellus which still ntraprises a considei'ublo thirkness of titi^ue 
on each side (fig. 1). No trace of the archegonia can yet be dia- 

The ovule ftt this time has reached only alwut one-third of its mature 
width and length, and growth in the .size of all organs continues for a 
eonsidci-able period following pollination. The prothallu» gi'ows In 
size proportionately more rapidly than the other organs, and this is 
aooompliahed lar;;jely at the expense of the nurellus. which gradually 
boL-omes thinner throughout, and in finally, at the time fecundation 
occurs, found to lie conipresBed to a very thin nienibrane at the ajiex, 
and below on the sides and Itase has largely split up into very thin 
shreds, seldom l>eing found as an unliroken membrane throughout. 

The archegouiu are differentiated in the upper Jjart of the prothal- 
lus shortly after pollination, but do not reach their mature size until 
a short time before fecundation, which does not occur until four 
mouths later. Four archegonia are almost universally formed in eaeh 
prothallus, but some instances have l)een observed where a fewer 
(2 or 3) or a larger numlwr (5 or *!) have been developed. 

During the increase in size of the archegonium through the months 
of Marcli, April, and a part of May, the nucleus of the central cell 
remains in the upper part of the cell near its point of reorganization 
after the preceding division, which gave rise to the ne<'k cell (fig. 10). 
It is usually elliptical and \ery large in comparison with the nuclei 
of surrounding cells. This location of the nucleus during the main 
growth period of the central cell of the archegonium is evidently 
common in related plants until after the ventral canal cell is cut off. 
Treub described the same location in f'l/cus lirfnidiit {117), Iktfnoia 
Cpcas r&i'ohtta (65), Hirase in (rinkii" (5il), Blackman in PIuhk Ki/h'es- 
irt« (Itt), and Murrill in Tfiit/n '■(imid'-iistK (91. p. 587). 

The protoplasm of the central cell during the latter part of this 
period of growth in size presents the most beautifid foam structure 
the writer has ever oltsened. 

Shortly before fecundation the nucleus of the central cell dindes 
and a small cell is cut off at the ajiex. which corivsponds to the ven- 
tral canal cell of the conifeis. Until the publication of Ikenii's pre- 
liminary note announcing the discovery of this canal cell in f'j/caa 
rffft/'iftr (ti.'j) it had l>een supposed that it was not formed in the 
Cycadacea\ It would seenu however, from its occurn-nce in (^w* 
and Zmiu'i that it is pi-obably as genemlly formed in the Cycadaceie 
tU) ill the Ctuiifcriv, Hirase lias also recently descrii)ed the formation 
of tllis cell in lih.kyu hUdxi (.iH). 

- not observed the division of the nucleus leading to 
e canal cell in Z/ii/'iu, but the pnx-ess probably cor- 
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responds very closely to that occurring in Cycm^ Ginkgo^ and the 
Coniferte. The nucleus of the centi-al cell in preparing for division 
evidently goes through changes similar to those described h\ Murrill 
in Tsuga canaderisU^ and it would be interesting to know if the same 
unique method of spindle formation occui's in Zcnnla also. The accu- 
mulation of highly granular cytoplasm in a conspicuous mass l^elow 
the nucleus of the central cell, as described b}^ Murrill in Tsuga^ is 
uniformly found in stages immediately preceding division in Zamia, 
The 83'napsis condition observed by Murrill in an early prophase of 
the division in T»uga is also of common if not normal occurrence in 
Zamia^ so that it would seem probable that the spindle formation in 
Zamia may be similar to that of Tsuga, It is interesting to observe that 
the spindle formed in this division is strikingly blunt-poled, as observed 
by Ikeno in Cycds (65) and Blackman in Pinvs (16). 

Before fecundation the canal cell breaks up and loses its identity, 
only traces of it being occasionally found at the time of fecundation. 
After the division giving rise to the canal cell is completed, the lower 
nucleus which forms the oosphere travels from the apex of the cell 
downward toward the center and takes a position slightly below the 
middle of the cell, where it remains until fecundation takes place. It 
is usually spherical or slightly elliptical, and its contents are nuich less 
dense than the surrounding cytoplasm of the Q^g cell, with which it 
forms a marked contrast. The mature egg cell is usually elliptical or 
slightly reniforni and is about 3 mm. in length and from 1 to 1.5 mm. 
in width. The nucleus is very large, being about 553 /^ long and 467 /i 
in diameter. It is plainly visible to the unaidi^d eye in stained sections 
and it is hard to realize on looking through a section held up to the 
light that one is viewing th(» t^gg cell and its luicleus without oven the 
use of a hand lens. 

Tn the development of the prothallus a circular depression known as 
the archegonial chamber (prothallial or endosperm cavity) is formed 
in the upper part of the prothallus inunediately above the an-hegonia 
and beneath the apex of the nucelhis (fig. \\), 

This cavitv is usuallv about ^1 millimeters in diameter and a milli- 
meter dee]). It is into this cavity that the pollen tubes later grow 
and discharge their spc^nnatozoids. The openings to the four arche- 
gonia can i)e seen easily in the bottom of the cavity, the two neck 
cells being turgid, hyaline, and (juite distinct in appearance from the 
surrounding cells of the prothallus. They protrude^ above the general 
surface and appear to be under considerable* tension. 

DEVELOPMENT OF THE POLLEN TUBE AND PROTHALLUS. 

GERMINATION OF POLLKN AND GKOWTII OF rUOTlIALLl'S. 

Very shortly after the pollen grains have been drawn down into the 
pollen chamber of the nucelhis they germinate, the tube, which at tirst 
is about the diameter of the pollen grain or slightly less, bursting out 
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of the exine of the gmiii at a point opposite the attathmeiit of the 
prothallus. No matter in what direction the pollen grain may lie, 
the tube as soon as protruded grows toward the tissue of the tiucellus, 
forming the wide of the pollen chaml>er, into which it soon penetiiit^s 

If the pollon grain is so t^ituated that the tube when first protruded 
points toward the apex or bast? of the nucellus, it makes a sharp turn 
immodiatel}' after leaving the pollen grain and enters the nucellar 
tissue. In Zainia the tube nevpr bmnches Ijcfore entering the tissue, 
and while it occasionally branches after entering the tissue, this b 
by no means of common occurrence. The majority of tulws remain 
unbranchcd throughout their growth. In Iriiiyl-n, ou the contrary, 
the distal end of the tube as soon as it enters the nucellar tissue 
becomes very much branched and the ramifications are so slender that 
it is only with the greatest ditKculty that they can he traced. 

When the pollen tube first ruptures the exliie and protrudes, it is 
considerably smaller than the diameter of the pollen grain. The rela- 
tion of the prothallial celh and tube cell which forms the tnle is 
shown in this stage in figure Vi. As the tube pushes out, the proto- 
plasm of the tube cell draws away from the wall of the old pollen 
grain to some extent appaivntly in all instances, though it would seem 
probable that the contraction shown in the figure is somewhat abnor- 
mal. The nucleu.s of the tube cell, which is densely granular, imme- 
diately passes into the tube, becoming the pollen tube nucleus, and 
travels farther as the tube grows, remaining always about a uniform 
distance fi-om the apex of the tul>e. In this early stage of germina- 
tion the cells of the prothalltis have the same size as in the mature 
pollen grain and appear about the same. 

The entire prothallus in this stage is about 9 ^ wide and 8 n lung 
(length being considered the extension in the direction of the growth 
of the pollen tube). The nuclei in both the first and second prothallial 
cells are still very densely granular and almost fill up the entire cell 
in each case. The nuclei in both cells are more or less crescent -shaped 
in median section, corresjiondiug to the shape of the cells. In the 
tube shown in figuie 10 the nui'Ieus of the first piothallial cell meas- 
ui-ed 7.13 by 3 /*; that of the -iecond prothallial cell 8 by 3 ft, and the 
nucleus of the tul»e cell 8.01 by o.M /*, the nucleus of the tube cell in 
this stage always being slightly larger than the nuclei of either of the 
prothallial cells. 

When tbo Flemming triple stain was used in the study of pollen 
tubes the safranin always stained the wall of the pollen gniin red, 
serving iw an inijMirtant distinction for a pollen grain vmW throughout 
the development of the appamtiiii. 

Before the pollen tultc has increased in length very gi*eatly it 
increases ali^o noticeably in width, and l>v the time It has reached a 
length four or tivc tinn- n< grciil iis the diiinn'tcr nf the {>olli-n grain 



24 SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 

it has reached a diameter as great as that of the pollen grain (fig. 13). 
The point where the tube bursts out of the pollen grain has also 
enlarged, the broken edges of the exine being bent outward. Mean- 
while the tube nucleus has assumed a round form, increasing some- 
what in size. 

The protoplasm presents a beautiful foam structure, with large 
vacuoles here and there. The starch gi*ains which later fill the tube 
have not yet begun to appear. 

The next noticeable differentiation in the growth of the tube is the 
increase in size of the cells of the prothallus. Both cells increase in 
width and length and the first prothallial cell pushes out into the 
second prothallial cell, which becomes shaped like a concavo-convex 
lens and is crescent-shaped in cross section. Figure 14 shows a pollen 
tube in the first stage of the development of the prothallus. The pro- 
thallus here has reached a size of 15 /i wide by 16 // long. The nuclei 
of both prothallial cells have increased slightly in size and become 
spherical and less densely granular. The pollen tube is meanwhile 
graduall}' growing in length and diameter, the tube nucleus passing 
farther down as the tube elongates. In this tube (fig. 14) a chirk line 
appears at the base of the prothallus which seems undoubtedly to be 
the remains of a third prothallial cell which has been resorbed. 

The pushing out of the first prothallial cell into the second prothallial 
cell is a point of considerable interest in clearing up the morphologj^ 
of the prothallial apparatus, which was left in a very unsatisfactoiy 
state in the writer's preliminary papers, as well as in the papers of 
Ikeno (70) and Hirase (62). In a somewhat later stage, when both of 
the prothallial cells have reached almost twice the size described in the 
last-mentioned stage, the first prothallial cell can be seen to have 
pushed a considei*able distance into the second prothallial cell, the 
point of attachment of the plasma membrane of the cells still remain- 
ing in about the same relative position as in the original pollen grain 
(fig. 15). Meanwhile the second prothallial cell has arched out still 
farther, and by the increase in size of the first prothallial cell has been 
carried mainly out of the old walls of the pollen gmin into the pollen^ 
tube. It may be remarked here that the prothallus still rebiins its 
original connection with the wall of the pollen grain, a connection 
which remains unbroken until the spermatozoids mature. In the 
preceding stage the nucleus of the second prothallial cell had increased 
in size slightly more rapidly than that of the first prothallial cell and 
had become slightly larger (tig. 14). In this stage (fig. 15) the second 
prothallial cell nucleus has become decidedly larger than that of the 
fii-st prothallial cell. 

DIVISION OF SECOND PROTHALLIAL CELL. 

Shortly after this stage the second prothallial cell divides into two 
very unequal cells, the stalk cell and central cell (kOrper cell, generative 
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cell, etc.). In his early studies the writer concluded fram analojfy 
with the developmiint of the gymnosperms as described by Belajeff 
(2 and 3), Strasburger (W*), and others, that a division of the second 
prothallial cell mui^t take place. It, however, wa* only aft*ir pro- 
kiiiji^ed and diligent search that the evidonee establishing this fact was 
titmlly seciu-ed. and only a single tube haj4 been found in all the nmny 
examined where the presence of a division was evident. This, how- 
ever, was fortunately in just the stage to settle the disputed point. It 
is in a telophase of the di^dsion when the two-daughter nuclei are 
reorganizing and the spindle connecting them is yet ulearly evide'nt 
(fig. 17). The first prothallial cell extending into the second pro- 
thallial cell is here clearly distinguishable, at; in the preceding case 
desciibed (tig. 15), The spindle, from the crescent shape of the sec- 
ond prothallial cell, assumes a position at an angle to the major axis of 
the prothallus. the lower nucleus and end of the spindle being crowded 
to one side by the position of the first prothallial cell, while the upijer 
nurleus occupies a central position in the upper half of the cell which, 
when the new wall is formed, will become tJie central cell. The lower 
nucleus, which becomes the nucleus of the stalk cell, is already in this 
early stage noticeably smaller than the upper nucleas. Several round 
bodie:^ which take a brilliant safmnin stain in the Flemniing triple 
process, and are evidently masses of nucleolar matter, are situated in 
the cytoplasm just outside of the spindle. The reorganizing daughter 
nuclei, in the only section secured in this stage, are too densely stjiined 
to show their structure well; they appear simply to lie densely granu- 
lar. The spindle fibers show very plainly, but do not as yet show any 
thickenings in the center preiwratory to the formation of a cell mem- 
brane. A most carefid search has failed to reveal any suggestions of a 
centrosphere or ci'ntrosome at the apex of the spindle where one might 
he expected to occur, In a number of instances a careful search has 
been made in the second prothallial cell, when it approa<^hes division, 
for evidence of the presence of organs resembling blei)haroplastJi or 
centrosomes. Occasionally small centers with a few radiations have 
been obsen-ed (fig. 16), but these are irregular in their appeamnce and 
would seem to have no relation to blepharoplasts or centrosomes. 
The pollen tube at this time has reached a length of over 1 millimeter 
and starch grains have begun to appear, two being .shown in the tulie 
figured. Cells in the path of the tuW are broken down and absorbed, 
apparently very little or no trai'c of them remaining. 

In Z. ff'iridinui in ISitS the division of the second prothallial cell 
was found to take place mainly tietween Februaiy 15 and March 5. 
1r Z. pftmila the same year the correspfjnding division occurred 
between February 25 and March 15. 

htly later than the alwve the central and stalk 

•parated liy a plaiidy visible plasma membrane 

St hIh.vc tin- aiK'X of the lirst protballiul icll 
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(fijf. 18). This stage is a very eaMv one to find and the writer has 
many sections showing it very plainly. In the tube shown in fijfuro 18, 

lich 19 only shortly after the completion of the division, the nuclei 
of both the stalk and central celU have aissumed a rounded form, the 
latter l>eing itiurh the larger. The nucleus of the central cell is hei-e 
9.79 ft in diamet«r while that of the stalk cell is only 7.12 // and 
that of the tirst prothatlial cell about 8.9 /i in diameter. The entire 
prothallus in this stage immediately after the division is only 29.37 M 
long by lrt.91 pt wide. The first prothallial cell is now almost entirely 
surrounded by the stalk cell, only the base of the cell remaining in its 
original position. A few small starch grains have already begun to 
appear in this cell, two being shown in the figure. In later stages 
both this cell and the stalk cell become crowded with starch. Before 
proceeding farther it will be desirable to point out the views held in 
regard to the structure of the prothallus in Cyeadacete and G!nk</o in 
previous publications. Attention was first called to the peculiar 
striicture of the prothallus in the Cycatlacea; in the winter's first pre- 
liminary paper on Zmnia (122). Here it was stated: 

The former cell [iu reality the stalk cell, an proved 1>y later reiwarches] is Hpherical 
or slightly elongated and prewnts a most Mingular etrui'tiire. The niicleue of the 
origjjial cell evidejilly divides into two, and one of the daughter nuclei forme within 
the unl>roken HaulKhirkt ai the mother cell b. new and wholly distinct Haultehiekl, 
which delinnite h. cell lying entirely free within the mother cell and HUrraunded 
on nil «des hy a layer of protoplaBm of newly uniform thicknew (flgs. la and 2). 
The other daughter nucleus remainH free within the IlnMUibirht of the mother cell, 
but is prested to one side hy the interior cell. 

It will be seen from this that the writer was greatly in ermr in his 
early interpretation. This was largely due to the fai-t that sections 
must be exHctly median longitudinal through the pollen grain and 
prothallial apparatus to show that the first prothallial cell (interior 
cell) has any connection with the wall of the [M>llen tuW. Cross 
sections of the tube which were then u.ied considerably in the writer's 
investigations also fail to show the true relationship of these c«IIs. 
Their confusing structure in a section of this kind will be seen by 
examining figure 33. The difficulty of the investigation leading to the 
correct inteiiiretation of this stnicture is also shown by the views 
expressed liy the Japanese authors which are at great variance with 
those of the writer. 

In lihihj" the first prothallial cell, which the writer has found to 
become surrounded by the stalk cell through transformation during 
growth, Hirase considers to be simply sti-ands of protoplasm in the 
second prothallial cell. He says: 

At the extremity of the tube, which \e coverwi hy tlie esine and extends into 
the cavity, are found in the interior two flattened prothallial iTells whidi are cow 
aepomted from each other. Between these there are large vaciin1ei<, unr] it may b» 
seen alsi) that they are united by the cytopla.-iii which forms two hollow cylindca 
placed one within the other, eo that if « i^i-tiou lie made ^ilong the I'lngitudimd 
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axis oi a pollen lube appearing at this stage, the two i*ll8 appear to be joiiieJ tug^her 
by four cytoplaeinii: filsiuents. This condition of the tube coutinues np to the 
niciuient of fecnndation,' 

In the further development of the prothalliura Hirase states that the 
second iirothiillial cell divides, and without forming a partition wall 
one of the naketl nuclei is crowded out of the cell into the first pi-o- 
tballial ceil, coming to lie located outside of the interior protoplasmic 
strands. He says: 

In the middle of July thu nucleus of the interior cell [second prothaliUl eel)] above 
mentioned divideti into two rlaiight^r nuclei. I have not had an opportunity to 
ohwrve the karyokineelB of this dixTsion • • • , Immediately after their division, 
one of the nndei l>ecome8 much larger than thii other and proceeds to occupy the 
central part of the mother cell, increasing in eixe more and more. On the other 
hand, the smaller of the two daughter nuclei leaves the mother oell, or, rather, is 
expelled from it by the other, and proeeede aa Cur as the space between the two 
cytoplBMuic cvlinders which coonect the mother cell with the poHterior prothallial 
cell.' 

The naked nucleus which after the division of the second prothallial 
cell is crowded out of this cell into the tiiwt prothallial cell he con- 
siders to be the equivalent of the stalk ecll or st/'elseUe of theConiferie, 
and the cell from which it is expelled he says eorresponils to the 
Kirrp^rzelle {centnil cell). 

Ikeno's description of the development of this stage in Cycas (70, 
p. 570) correspoTids in all important points with that given hy Uirase 
for Ginkgo. He wrote: 

While the latter cell [seciind prothallial cell] has become somewhat extended and 
isstill globular, its nucleus divides into two daughter nuclei of equal size. • ■ * 
Aseptuni between these daughter nuclei is never formed. One of them only expands 
iBpidly and occupies the la:^r space of the mother cell, so that the other evil is 
immediately expelled from it in a naknl Htate. * 



' K I'extr^mit^ du tube qui est couvcrte par I'eijne et fait saillie dans la i»vit^. on 
tronveA rinli5rieurden.\ cellules prothallienneBaplaties qui Hontiiiaintenant«:par£e8 
I'une de 1' autre. Entre elles, aont ile grande« vacuoles et on voit aussi qu'ullee snnt 
unies jiar le cytopiasme qui forme deux cylindres cr^iix plAC^ I'du dans I'aulre. de 
sorte quo si Ton I'onpe selon son axe longitudinal un tube poUinique parvenu i ce 
stade lea deux cellules semhlenl fitre r^uniee ensemble par quatre filamenta cyto- 
plasmiqiies. Get ^tat du tulie peniste jusqu' au moment de la dr-condatiun. (62, p. 109. ) 

'Au milieu de juillet, le nucleus de la cellule inl^rieur^ [set-nnd prothallial cell] siu- 
dite se partagc eu deux nucl£us-flls. Je n'ai \»» ea la clianiv de puuvoir observer la 
karyokinOse do celle division • • • , Ausdt/it ^irOsk-urfnmiation, I'undesnucl^us 
devient lieaucoup plus gros que I'autre ct vient owu|ier la partie centnUe de la cel- 
lule-mere en Krof^iB^nt de plus en plus. Au conlmirti, |inplUBft^titdeedeuxnucl6us- 
(ile quilte la celiule-mcrc ou mieux en est rcfonlt^ [uir le plus grand i:il s'arhcmitici 
jusqu'A I'c^iiace couipris eutri- les deux cylindrte cyTuplatiiiiiqiies ijtii Joigneiil la 
celltile-m^re ot la cellule protlmllienne pOBt^rieurs (62, p. 110). 

•Wilhrend die letztere Zelle [second prothallial cell] I'twas ausgewach* 
noch kugelig bleibi, theilt sich ilir Zt-llkern kii je i«ei Tochtirrkunmn 
Groeee. • • • Eine Sclieidewanii xwisr.hcn [liei?fii Tochtcrkemf 
gebildet. Einer von ihnen iiur wilchst Ficliiiell nus iind nitnmt dc" 
theil der MuttiTzelh- ein. so da-w dcr uucIitu ulsUild im naeklen 
verdrijigt wird. 
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Ikeno also considers the iiHked muiteus expelled to Imi the honH>lo^uel 
of the Stielzelle or stalk eell and the cell from which it was expelledJ 
the homologiie of the KOi'iJerzelle. It does not appear from Ikeno's^ 
monograph that he observed the division of the third jirulhallial t-ell 
leading to the forniation of this structure. Judging from his short 
description and indefinite figures it would seem ihut his material at this 
stage must have been poor or lat^king. In none of his iigmvs of the J 
male prothiillus does he show an interior cell like the writer's first! 
prothallial cell or strands of protoplasm such a;^ Uirase dGsc^ihf>l^ ia f 

The two nuclei in his " first prothallial cell" are in position exactly thai 
same as the corresponding nuclei in Znmla and (rinki/o. but no strands J 
of protoplasm or cell menibi-ane separates them. The "KOi-perzelle" in 1 
his figures 15 to KM is indicated as entirely spherical and not infiuenced ■{ 
in shape at the attai'hment with the prothallial cell, which seems very I 
unlikely. The writer is unable to suggest how this apparent differ- 
ence between Cycas and Zamia can be explained. The series of Zamia I 
prepai-ations on which his interpretation is based has been shown to j 
several American botanists, and they entirely concur with him as to ] 
the structure of Zamla. 

The development of the prathallial apparatiuj of both Zamrn and I 
Ginkgo has been studied by the writer with considerable care at dif- 
ferent times during a period of nearly four years, and with abundant I 
material at different stages. The interpretation given by Ilii-ase and j 
Ikeno seemed so novel and improbable that he was stimulated to a 
more thoi-ough investigation. The early studies of Juranyi (73), etc., 
give no aid in this (juestion. as in his study of MatTuzamni he gerrai- 1 
nuted and grew the pollen on soft pieces of pear fruit, and it has be^i f 
amply demonstrated since, that the developments obtained in this way ^ 
were abnormal. Juranyi obtained fairly long tubes developed fi'om ] 
the large pollen cell, tra,ced the nucleus in its jmssage into this tube, j 
and in two inst^mces found that this nucleus had divided into two. 1 
The so-called InncnkOrper (the pi-othallus), however, remained in its 1 
place, decreased in size as the tu)>c elongated, and finally disappeared. J 
Strasburger (11')} cultivated pollen of t'eratosainlu in the same way, " 
and found that the InnenkOrper did not disappear as long as the tubea J 
remained in apparently a normal healthy condition. Belajcff (2 and 8) 4 
was the first investigator to intixjduce the only safe method, that ol^ 
studying the pollen tubes developed on the pistil in the normal way, J 
by sections of the pistil and isolating the tubes by maceration u 
His study of gymnosperms. however, did not extend to any of t 
C if<;<idactue. 

In 1S93 Straslmrger described the development of the pollen i 
pollen tube of Ohil-go, but was led to erroneous conclusions, ajq 
ently, by the insufiiciency of his material. He correctly deacrilx 
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n ail early stage still show- 
In describing the further 



and figured the pollnn tuhoaud prothallu-s 
ing the two prothaUial cells in position, 
development, however, he says: 

It IB th<i8 shown that in the ae<i)Dd half of September the flnt of the two prothttl- 
lial cells (iivides into a Ixxly c-ell and a stalk cell, while the outer prothallial cell 
USuMily remains undivided. The body cell corresponds to the rcmtral cell of an 
anthpridinro; it increaeea in size more than double, and its nucleus is enlaf^ed in the 
«ame proportion. Hereupon this central cell underj^oes commonly a i-ru«B or oblique 
division, by means of which two generative cells are created. The nlalk i^ll of the 
antheridium is divided apparently only under certain conditions. Then the stalk 
cell and the flnit prothallial cell lose their independence, and the liberated generative 
cell (lawee into the pollen tube.' 

This method of development would make Gin^ffo correspond nicely 
with what occurs in Homc of the Conifene. but would seem to be 
quite different from what actually occurs in Oaikffn. 

The writer's investigation of Ginkgo, so far as carried out, indieates 
that the development of the proth&llus here corresponds entirely with 
that described above \n Zmiila. Shortly after germination the first 
and second prothaUial cells can be discovered in the process of exten- 
sion, the first protruding considerably into the second. In Ginkgo\h& 
writer has not been fortunate enough to find the division of the second 
prothallial cell, which gives rise to the stalk cell and centml cell. The 
three-celled stage immediately following the division, however, com- 
pares almost exactly with the three-celled stage of Z/iniia (compare 
figs. 15 and IS), showing the first prothallial cell protruding into the 
stalk cell, an^ almost entirely surrounded by it. In older stages, both 
in Ginkgo and X'niiiii. when the central cell approaches the time for 
division, the first prothallial cell is almost invariably found to have 
grown up within the stalk cell to such an extent that it comes in con- 
tact with the central cell (fig. ^0). In Ziimi'i seveinl instances have 
been observed where it ha.s even caused a decided indentation in the 
central cell (tig. 22). Another feature of importance in showing that 
what the writer calls the first prothallial cell is a genuine cell and not 
simply a central portion of a cell inclosed by protoplasmic strands is 
shown in the fact that, in some cells as a result of fixation or a differ- 
ent stage of development, the plasma membranes or //flwfaM(VA^j* of the 
two adjoining celLs separate, so that one can clearly distinguish two dis- 

'8o zeigt es sich denn, dass in der zweilen Halfte des SeptemteiH die vordere 
der beidenProthatliuni^'llen in eineKtirperzelle undeine Stielzellezeriilllt, wiihrend 
die iiusscre Prothalliimixelle gewohnllch ungetheilt bleibl. Die Ki'>r[)en(elle ent- 
spricht der Centralzelle eines Antheridiums, sie schn'illt zum mehr als Doppellen 
nofh an, nnd in demaelben MnaHSe vergroBserl sich ihr Zellkern. Hieraiil eriiihrt 
diesB Centralzelle schon vielfach eine quere oiler schriige Thedung, wodiirch zwd 
generative Ze lien ^ceschaffen werden. Die Stielzelle des anthertdiums whelntaich 
nur nnter Umstiinden 7n theilen, Dann geben Stielzelle und erete Prothalliumzelle 
ihre Selbstandigkeit auf, und die befreite fceueiative Zelle wandert in den Polleoacb- 
laucb ein. (109, p. 18). 
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tinct membi-aiifs (fig. IH). Tht- plusiiia luemlirane delimiting the cells 
in this tacio iitjiin the same; and appear the mmc in all noticeable char- 
acters as the mrmbi-aiiois in other purtionit of the same cell and of the 
centml cell. 

AI'l-EAKASCE AND GROWTH OF BI.EFHAROPI.ASTa. 

After the division of the second prothallial cell into the stalk cell 
and central cell the entire apparatus continues to grow in size, and the 
next important stage of development following this is the appearance 
of the blephnroplasts,' 

In order to determine the true nature of the blepharoplast it was 
necessary to know its history, and a very careful study has been made 
of its first appeamnce and gradual development. They were lii-st dis- 
covered by the writer in Zamia in a medium stage of development, as 
shown in figures 26 and 58. in which stage they present a very striking 
appearance and would be taken for undoubted ceutrosomes. Similar 
organs occur in the centi-al cell of Gttihjo hihiba, and wei-e tirst 
described by Hirase in ISH-i (57). Hirase simply described their 
appearance in a half-grown stage, without tracing out their origin and 
function. They were next descril)ed by the writer in Zamia in 1897 
(122, 123, and 124). and hei-e their gradual growth and development 
into the cilia-bearing oi^n of the spermatozoid was traced. It was 
further found that they bad no intimate connection with fecundation, 
being left at the apex of the egg cell while the nucleus passes on alone 
and fuses with the egg nucleus. 

Not l>eing able to obtain material of Zamia in 1897 to trace out the 
origin of the blepharoplasts, the early stages of Ginkgo were studied, 
and it was found that here they were formed denmx? in the cytoplasm 
of the central cell. In 18itS the same organs in C^om revolrtta were 
carefully described by Ikeno (70). Since publishing his results in 
1897 the writer has made a very careful study of the early stages in 
Zamia, and finds that here also they originate <h n-reo in the cytoplasm 
of the cell, as first described by him in Giiiktj". 

During the division of the second prothallial cell as pointed oat 
above (tig. 17). no indication of any organ resembling a blepharoplast 
or centrosome could be discovered at the pole of the spindle. The 
difficulty of obtaining this cell in stages of division, however, has pre- 
vented a very thorough examination at this stage. After the division is 
completed in stages like that represented In figure 18 and slightly later, 
a very careful examination fails to reveal a ti-ace of any organ which 
could be considered to be an early stage of the blephai-oplast. When 

'A term applied by llie writer (124, 1897), in the d lis- forming organ ol ths 
BpermatogenouB cells of Zamia and (Vrat^u «hii-h ro nearly resemblea a centroeomaa^ ' 
centroephere. The term is derived from fSKetpafiti, eyelash or utlium, and jiKaarof^ 
fenned. 
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hftd immediately aftei' its r<>or}raiiizati9n. the 1>lephiirupla>»tt first b^in 
to appear. (Compare figs. 19 and 24.) Iii Ztimln fi.ilihnui in 1S9S 
the blepharoplasts appeared mainly bi?tween March 5 and Mart-h 15, 
while ill ^. jo«OTi/o the same year they appeared nminly lietween Maivh 
10 and 25. It is probable that the date of their appeunince may vary 
souiowhat in different veal's, and the time of their appearance in differ- 
ent plants and e\'en in different ovules of the name cone is very varia- 
ble. Indeed, gi-eat difference has buen noted in the time of their 
appearance indifferent pollen tulies in the same iiucpIIur;. It is inter- 
esting to note that the pollen tubes hai'e considerable individuality 
apparently, and vary greatly in their stage of development, size of 
organs, etc. In tubes on the same nuc^^UiiM the writer ha.-* found in 
some the fully developed spermatozoids, while in other.s the antral 
cell had not yet divided. 

In the earliest stiige in which the writer has been able tti sui'ely 
recognize the btupharoplast, it seems to tjo made up of a small, deeply- 
staining granule from which sevei-al filaments of kinoplasm radiate, 
following the meshes of the reticulum. The central gmnnle does not 
seem lo be diffei-ent in substance from the i-adi at ion sustains the isame 
and shows no differentiation of structure. In this stage it is only a 
half micron in diameter or lesa and seems to be scaixely moi-e than the 
point of crossing of tJie filaments of kinoplasm. They are loi'ated lo 
the cytoplasm about halfway between the nucleus and the cell wall. 
Two lire formed in each central cell at the same time and apparently 
indepi-ndently. They are commonly located on opposite sides of the 
nucleus, but in a number of cases in this stage and in a still later 
stage they have been found nearer together. fi'e()uently less than +5^ 
apart (figs. 19 and 2.5). The cytopla.sm at the time the blepharoplasts 
appear forms a loose, open, reticular stmcture, and the rays which 
extend out fi'om the blepharoplasts se«m to run into the walls of 
the reticulum. The rays in this early stage are comparatively few 
and short. The nuclear plasm shows a reticular structure much finer 
than that of the cytoplasm and surrounds a large nucleolus. In the 
several instances of this early stage of the blepharoplast wliich have 
been observed they are located about midway between the nuclear 
membrane and the cell wall. In what seems t*i lie a --ilightly later 
stage, however, when the bleplmroplasta have grown considerably 
in size and .ihow a distinct spherical body at the ixiint of the converg- 
ing rays, they are found quite clix-ie to the nuclear membrane, which 
is commonly slightly indi-nted just below them (fig. V.*). 

In CyciUy according to Ikeno (70. p. 571), the two blepharoplasts 
appear in the central cell iibortiy after tlie division which give.'? rise to 
this cell and tho "•""' — " " • arise us two small tiodies which at 
first lie close to aoa. No radiations are visible 
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from them for ii considei-alile time. In this latter feiitiin? they «« 
to be conHiderably different from ZninUt, whore the i-adintionH are | 
visible and eonspicuoiis in the youngest stage which ean Ite detected. 
In Gi7ihfo, also, as shown by the writer (124) and Hirase (63), the 
blepharoplastaappear in thecentmleell just after its foi-niution, arising 
in the cytoplasm near the nuclear niembmne. It is prolmhle tliat 
Ziiiiim, Ci/cus, and fjf^rih/n, agree in theirmain featuivs, theubseoceof 
radiations in Cyca« being probably due to the method of prcpanitioD. 

In this stage of development in Zami'a the central cell is still almost 
spherical, being flattened at the point of attachment with the stalk 
cell, as is shown in figure 19. Here the central cell is only about 36 ft 
in diameter, while the nucleus is about 18^ /*, the nucleolus 44- fi, 
and the blepbaroplasts 1 /j in diameter. The first prothallial cell is 
shown here very plainly, pushing upinto the stalk cell, extending fully 
two-thirds of the distanco through it. The nucleus of the prothallial 
cell and that of the stalk cell are about the same size, the latter nucleus 
having increa^ied in size since the stage illustrated in figure 18, and 
become somewhat comprrs.sed and lenticular from presaurn. The 
pollen tulMs at this stage has reached a length of about 1 mm., and in 
at most places in the tissue from ii) to 50 pi in diameter, though this 
varies considerably. The protoplasm forms an open foam structure 
with large vacuoles, about the same as illu.sti'ated in figure lit. Starch 
grains have already become abundant in the tube, but are not so large 
or so numerous us in later stages. In the section figured no starch 
grains were visible in the stalk cell or prothallial cell, although in 
Bome instances they are formed in a still earlier stage. 

The first indication of differentiation in the blepharoplast, as it 
increases in size, is the formation of an outer mcmbi'ane or wall 
(fig. '25). By this time the blepharoplasts have moved somewhat 
farther away from the nucleus and the kinoplasmic radiations have 
become much longer, more promitient, and apparently more numerous. 
The central cell has also iucreased in size, as well as the entire ppo- 
thalluit. Up to this time the central cell has !)een nearly spherical 
in outline, and the blepharoplasts, so near as the writer has been able 
to observe, did not seem to occupy any definite position in refereooe 
to the attachment of the stalk cell. As the apparatus increases in sise 
the central cell elongates and becomes elliptical or oblong, its major 
axis correapondiug to the longitudinal axis of the pollen tulje (fig. 20), 
The blepharoplasts during this development take up a position on 
opposite sides of the nucleus almost exactly on the major axis of the 
cell. In almost all of the cells in this stage of development the ble{^' 
aroplasts occupy this position. In a number of instances, however, 
they have been observed to remain much closer together, and in some 
instances never assume a position opposite each other. In this early 
stage of development the central cell presents a beautiful reticular 



DEVELOPMENT OF THE POLLEN TUBE AND PROTHALLUS. 33 

structure (tig. 26), the meshes of the reticulum being rather large. 
The kinoplasmic filaments are but little more prominent than the walls 
of the reticulum into which they seem to run and disappear. The 
individual filaments themselves seem to be composed of fine gninules 
and are, the writer thinks, quite surely threads and not plates. By 
carefully focusing above or below the blepharoplasts, irregularly 
armnged granules are seen which seem to indicate the thread-like 
nature of the i*adiations. These granules are interpreted as being 
cross sections of the kinoplasmic filaments. This, the writer is aware, 
is a disputed jxjint in the structure of the kinoplasmic rays, and he 
has therefore very carefully examined many slides in the hope of being 
able to settle this question, at least in Zmnln, The radiations are 
larger and coarser in /mihui than in any other plant which has come 
under the writer's observation, and it would seem to })e a verv favor- 
able subject for the stud}- of such disputed points. The cytoplasm, 
viewed in cross or longitudinal section, presents the same irregular 
meshes, and while the writer is inclined to view this as a foam struc- 
ture, it is a jDoint on which he has arrived at no very satisfactory 
conclusion. 

As the pollen tube apparatus continues to grow the blepharoplasts 
also increase in size, and about the first of Ai)ril the contents, whirh 
stain red wMth safranin in the Flemming triple process, become more 
or less vacuolate (fig. 2i^). This occurs when the blepharoplasts have 
reached about half the diameter which they finally attain. During the 
genenil increase* in size the kinoplasmic rays have become more abun- 
dant and in many instanc«\s may be seen running from the ])l(*pharo- 
plasts out to the plasma memlirane of the cell with which they se(»m 
to connect. 

(JUOWTH OF BASAL EM) OF POLLEN TUBE. 

The entire prothallial apparatus continues to increase in size until 
about th(^ middle of ^fav in Z. ffftrldiUHf and the Hrst of June in 
Z. ^>//////A/, when the ciMitral cell and ))lepharoplasts have reached their 
full size and the i)reparation for their division begins. Tlu^ i)()llen 
tube, which has ])iM^n gradually incn»asing in length and dijuiietrr, has 
now reached the extent of its growth in tlu* tissue of the nucellus and 
has Imh'ouk^ mon* or l(\ss t^o^'ired with starch and r<\serve food materials. 
The tubes, of which there an* connnoidv from 4 to 8 and sometimes as 
hiirli as 1:5 or 14 in a sinnh* nucelhis, usuallv mvow to a l(»n<»*tli of 
"1^ to 4 mm. and ai'c from sn to l.'iO // in diameter in the tissue of the 
nucellus. Thcv arc ordiiiaril v unbranchcd, but occasionallv a branched 
tube is o))S(»rvcd. 'V\w writer has never obs(»rved an instance* where a 
tube had branched mon* than once. At this pcM'iod of (U»velopinent, 
and later until fecundation tak«\s place, tiie ])ollen tulu^scan be plainly 
s(»en in an examination of tiie ai)ex of thi* micellus with the unaided 
eye. The tissue next to the tubes is brownish or yellowish, clearlv 
marking the patli of the tul>e. Furth(;rmore, the tul)e usually causes 
552r>- No. 2-(H - 
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a protrusion of the nucellar tissue over it, which makes its course easier 
to follow. It is particularly interesting to note that when several 
tubes develop in the same nucellus they apparently do not grow 
altogether at random, but divide the s[>ace almost equally, radiating 
out from the pollen chaml^er its a center, with almost ecjual angles 
between them. There is no special stnicture of the nucellar tissue 
w^hic'h guides this distribution of the tubes, so far as can l)e observed, 
and the pollen grains are apparently not guided in their distribution 
or position in the pollen chamber. When a num}>er of grains are 
found in the sjmie nucellus th(\v may ])e scattered in the lower part of 
the pollen chamlwr or grouped more or less together. When they 
genninate, and the tul>es turn toward and enter the nucellar tissue, two 
or more may be found to enter the tissue and start in the same direc- 
tion. As the\' elongate, however, the?}- diverge and divide the space 
betwe(»n them, and this is a very necessary provision, apparently, as 
they are so large that in the thin nucellus of old stages there would 
not be room for them to grow together and cross. The writer has 
examined sevenil thousand ovules in condition to show this featui*e 
well, and in no instance have two tu))es l)een found very close together. 
In case there are many tubes they are necessarily nearer together than 
when there are onlv a few tubes. If there are onlv two or three tul)es 
they may not divide the space exactly equally b(*tween themselves, 
})ut are invariably found to be separated ))v a fairly wide angle. In 
no case have the tubes been found ])unched together on one side of 
the nucellus, as would occasionally occur if there were not scmio force 
guiding their direction of growth. It seems probable that when a 
tub(» enters the luicellar tissue it may produce* a chemical change of 
some sort which serves, to repel other tubes. It may, on the other 
hand, be simply a reaction to richness of food supply. Their distri- 
bution and growth in the luicellar tissue seem similar to that of root 
distril)ution in the soil, exclusive of the factor of light. 

During the growth of the pollen tubes the nucellus has continued to 
change considera])ly in form and shape. In the cuirly stages of growth 
the ajx'x of the nucellus has a considerable thickness compared with 
tli(» pollen tubes (tig. 5). Th«^ tubes at first grow straight outlatemlly 
in tht* apical tissue of the nucellus (tig. .*>), but before reaching the sur- 
face they turn downward and contiiuu* growing down through the 
tissue of the sides of the nucellus just underneath th(» surface (tig. 51). 
As the development continu«»s the nucellus grows in s\7a\ ])ut gnidually 
])(»com(»s thinner, until at the time of fecundation it is leduced to a thin, 
]):ip(M'v mcmi)ran(\ except at th(» a])(*x, wliere other changes have mean- 
while taken place. The tissue below tlic ap(»x of the nucellus which 
was at tirst point(»(l IxM'onies mon* or le^s contracted and sunken, as 
shown in tiguiv 51. Tlie tissue l)el()w the ])ollen chaini>er and ])etween 
itand t!i(»])rothallu-;, wiiichisat tirstabout -J nun. in tiiickn(»ss, is gradu- 
ally al)sorbe(l and tinally entirely bn^aksaway, heaving an oixMiingfroni 



devklopmp:nt ov thk tollen tube and pbothalli^s. ,ia 

th« pulleii chamber into the aiihegouiul i-hamher. The pollen tul>ef* in 
early stages grow straight out laterally, the pollen grains being fre- 
i|iiently above {tflward the apex of the tube), so that the tube in ger- 
mination at tirst pointed downward and then curved to one side in 
eritering the Usaue (see two lower tubes in fig, 5). 8uch tubew an these, 
and aUo thost; which develop in other direclionw. bwouie reflexed during 
the ihanges which occur in the apex of the nucelluM, and finally the 
proximal ends of all tubes (tho )>olli'n-gruin end) are found to !><■ turned 
down so that they point toward the protballuti. A short time before 
fecundatioii,activegrowthlwgiiisin thisendof thetulx'. The proximal 
ends of the tubes elongate and pushdown in the pollen charal>er farther 
and farther, the cavity becoming larger and changed in shape. Finally 
the tissue of the nucellus below the pollen ehamlK?r breaks away and 
the pollen tubes hang down in a cluster in the arehegonial chamber. 
They continue to grow in length until, ut the time they burst and dis- 
charge the spermatozoids in the process of fecundation, the proximal 
ends, which bang down free from the tissue (tig. 51). have reached a 
length of fi-om 1 to 2 mm. During this growth and up to the time the 
tul)e burets tho old pollen grain forms a little protruding end at the tip 
of the tube, which remains covered by the exine of the pollen grain. 
It stains red with safiunin in the Flemming triple process, and is thua 
easily differentiated. 

An extremely interesting' fact in connection with the jxdlen-tube 
development is the migration of the pollen-tul>e nucleus, which takes 
place apparently at the beginning of the active growth and extension 
of the proximal end of the tube. It will be remembered that when a 
pollen grain germinates the tube nucleus passes out of the pollen 
grain and lakes a position near the end of the growing poUeu tulic, 
and during the entire active period of growth of this end of the tube 
remains relatively in this position, passing farther into the lube as the 
latter extends in length, lii the course of the investigations it was 
found that when ibe active doveiopnient had Iwgun in the basal end of 
the tube, a nucleus corresponding in sixv and appearance to the tube 
nucleus was almost invariably found somewhere near the central cell. 
At first it was thought that this was an abnormal wcurrence, the poU 
leu-tube nucleus having remained attached to the prothalhis in some 
way and failing to migmt* into the pollen tube, as it developed, in 
the normal way. Investigations showed that this nucleus, however, 
is normally found near the central cell in this stage of development. 
It would seem, therefore, that either it nmst be the jwllen-tube nucleus 
which has migrated fi-om the apical end of the tulje to this location or 
that the iK>llen tulie nucleus dividiw at some time during the develop- 
ment of the tulw. and that one of the two nuclei ron>ainK in this loca- 
tion, .lumnyi (7^) found thai in the poUeu tuljes of Jfii'-r"2'iiiii(t, 
gi-own in uriirtcial culturi.v<i on pi^iOf* '"^lil, the pollen 

IuIk' nucleus after a time often dir ^e appar- 



36 SPERMATOGENESIS AND FECUNDATION OF ZAMIA. 

ently did not obseiTe the process of division leading to the formation 
of the second nucleus, arid Stiusburger was unable to confirm this por- 
tion of Juninyi's observation.* Recently, however, several investi 
gators have found the pollen -tube nucleus in various other plants to 
divide, at least occasionally. This was first observed by Chamberlain 
in L!l lum philudelphloum (19), and later by Fullmer (42) in Ilemtfro- 
caUi'<ff(lvfi, A somewhat careful search was therefore made in various 
stages of developing pollen tubes of Zdinia for a division of the pollen- 
tube nucleus, but no indication of such a division has ever l^een 
observed. Furthermore, in an examination of the tubes where the 
nucleus is found near the central cell no case has been found where a 
second nucleus occurs at the apex of the tu])e. It would thus seem 
that the tube nucleus remains at the ajxw of the tube as long as this 
is the end where the most active growth is taking place, and then, 
when the active growth begins at the base of the tube in its elongation 
preceding fecundation, it migmtes to that end of the tube in order to 
bo near the point of greatest activity and superintend the growth of 
the pollen-tube wall in this location. Haberland (50), in his extensive 
pap(»r on the relationship b(»tween the function and position of the cell 
nucleus in plants, has shown that the nucleus ordinarily takes position 
in the cell near the point of most active growth. The writer has come 
to the conclusion that in Zainln the pollen-tube nucleus remains nor- 
mally near the distal end of th(^ tube as long as tlu? tu])e is growing in 
length and absorbing nutrition. The growth of the basal end of the 
tube does not start, apparently, until the tube has attained its full 
development in length in the apical portion. The tube nucleus then 
migrates to the base of the tube, the increased length of that end of 
the tu])e being due to the growth of the pollen tube in that region, 
thus iicci'ssitating the presence of the imcleus. This migration of the 
pollen-tube nucleus was not discovered until the writer was closing 
his investigations, and has not been as thoroughly investigated as 
the other pi'oeesses of development described. He feels, however, 
that there is but little doubt of tin* corn^ctiK^'^s of the inter|)retation. 
Since this conclusion was leached the writer finds that the same migra- 
tion of the tube nuchuis was obs(»rved by Ikeno (<UK p. 573). 

In the ini«l(lh'<»t Scpteinher the eiiihryonal mirleii?' [tiiho inu-leiis] lx>gin8 to move 
forwanl towanl tlie ])0<ly cell ( (i;r. 2*Ja, PI. IX), and by tlie end of the »aine mouth 
it ('nines in contact witlr its j)<)sterinr end, so tliat at this time tlie body cell and the 
outer j)r<tthaliial cell, as well as the embryo-cell and stalk-cell nuclei, meet at the 
term i Haling exine end of the pollen tube.- 

' Kbensoweni^' trat id>er ^^'})ruften Falle der Pollen.>-chlauchkern auch nur ein ein- 
zi^'es ^lal in TheiluiiK ein. (Strasbur^er, 1(H», ]). W.) 

-^litte Se])tember be^innt <ler iMnbryonalzellkern [tube nucleus] nach der Kor- 
perzelle sich hinzubeweL'en (ti;r. 22a, Taf. IX ) und Hnde d(*^selben Mouats kommt er 
in Contact mit ihrem hinteren Knde, so dass zu dieser Zeit sowohl die Korperxelle 
un<l die iiussere Prnthalliumzelle, als auch der Kndiryonalzell- und der Stielzellkem 
an dem mit der Kxine al>schliessendeu Knde des Pollenschlauches zusammentreffeBU 
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r return of the tube 
i to the pollen-grain end of the tube in ffmhjo, so that the 
lirocess would seem to be a general one in cases wh(?re this type of 
fecundation occurs. 

During the downward extension of the Iniisal end of the pollen tube 
the prolhallial appamtus remains attached to the Imse of the tube and 
is carriiHl down with the tube in it* elon^tion. The central ceil in 
thi' course of this development is frefjuently eompressed and drawn 
out so that its shape is greatly altered (tigs. rt)S. 4K. and 51). In stages 
pr('ce<ling this development the central cell is normally elliptical or 
oblong, its major axis corresponding to the major axis of the pollen 
tulK* (tig. 20). After the tube ha*i turned downward and is suffiriently 
dcveloi)ed so that ttic basal end is free from surrounding tissue, the 
central cell rounds up and becomes nearly spherical. 

In the course of this development and change of the Iwisal end of the 
pollen tube and the prothatlus, the blepbai-opla-sts have also changed 
their position. Pnnious to this development they occupied the poles 
of the nucleus, a line pa.-*sing through them eorresixjnding to the 
major axis of the cell and longitudinal axis of the pollen tulJC. During 
the growth of the Iwisal end of the jiollen tube and consequent change 
of the prothallus they have changed their jxisition in regard t() the 
pollen lube and nucleus iind have come to lie at opposite points on the 
eijimtur uf the nucleus transverse in the pollen tulie {as shown in figure 
^1. though this is after the division of the cell). The writer has not 
been able to determine whether (this changt- in position of the blepharo- 
plast is due to a definite motion of the blepharoplasts theraselvea or to 
a change of sha]>c of the ceil and nucleus. It would seem, however, 
that the Idepharoplasts must move in the cell independent of the 
motion of uny other organ. jVs the centml cell is pulled down by the 
gi-owth of the pollen tube it is not infnxjuent to tind the two blepharo- 
plastK preceding the nucleus. However, in the course of this (rans- 
funnution the lilepharoplust^i may bo found in almost any irasition in 
the ccnti-al cell, but usually remain nearly on opposite sides of the 
nucleus. 

The entire prolhallial apparatus continues to increase in .size until 
the latt4?r part of May in Z. Jfiintkiiw ■a.mX about June 10 in JC. jnimila^ 
when the central cell and blepharoplasli* have reached their full size 
and the division of the centi-al cell begin.s. In this stage of develop- 
ment all cells of the prothalla-^ retain their relative |K>sitions with 
reference to each other, but the base of the pollen tube in which the 
prothallus is loi'ated has iti most instances ht-gun to grow and change 
its position a* described almve, and a change in the shape of the cen- 
tral cell has fr«M]uently resulted before tliis sUigc is reached. The first 
prothallial cell and Htalk cell in this stage retain the same [Msition as 
described in the precedir^ atagK. but have greatly increased in size 
("g. 21). 
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Both the first prothallial cell and the stalk cell have become filled 
with numerous starch ^niins, which are frequently compound (fig. :21), 
and a cross section of the tube through these cells at this stage (fig. 23) 
presents a puzzling structure until the metho<l of development of the 
interior first ])rothallial cell is understood. Even in this greatly 
enlarged mature stage the original end of the attachment of the first 
prothallial cell with the old pollen grain remains the same size as in 
the early stages (compare ligs. 20 and 21), and the point of attachment 
of the plasma membrane of the second prothallial cell (now a part of 
the plasma membrane of the still k cell) is the same distance from the 
point of attachment to the pollen tube* as in the early stages (fig. 21). 

The central cell, which just after its formation by the division of 
the second prothallial cell was about 10.91 fJi long by 15.57 f^ wide, 
and which at the time the blepharoplasts appeared had reai'hed a 
diameter of about 80 //, now commonly measures 170 // in width by 
llH) // in length. Its size, however, is very varia})le. The blepharo- 
plasts in which greatest interest centers have also increased greatly 
in size, in this stage measuring from 18 to 20 // in diameter. In many 
instances, probably in the majority of cases at this stage, they have 
become somewhat compressed at the i)oles, so that they are more or 
less elliptical in equatorial section (fig. 50) and round in polar view 
(lig. Oo). They still retiiin their positions at the poles of the nucleus, 
lying free in the cytoplasm, in this stage usually rather nearer the sur- 
face of the cell than the nucleus, not infrequently being almost in con- 
tact with the plasma membnine, which is frequently somewhat indented 
immcHliately above them. In the course of the development the con- 
tents of the blepharophLs^s, which was at first homogeneous and then 
slightly vacuolate, has become filled with vacuoles which present a 
beautiful, regular form. A few highly refractive bodies, presenting 
the ai)peurance of crystals or crystalloids of some sort, are also fre- 
quently obs(M*ved in the bl(»pharoplasts at this stagt* (fig. 29), but the 
writer has been unable to learn anything as to their nature or function. 
In this stage th(» kiiioplasmic radiations have btvome very numerous 
and extensive, and are mon» sh^nch^r than in earlier statifes. Th(»v radi- 
at(» in all directions from th(» blepharoplast. but are natunilly more 
strongly d(»vel()p(»(l and longeron the sid(vs than ahovi* toward the sur- 
fac(» of the cell or below towaid th('surfac(M)f (ln» luichuis The writer 
has tried to determine how the incr(»ase in nunibrr of radiations is 
brought about, ))ut has Ixmmi unable to solve tli<» problem. He has 
found no (»vi(lence, ho\V(»ver, favoring their increast* by division, as 
claimed bv some investivfators. The cvt()])lasni of the central cell in 
this stage has become nmch more dense than in the precculing stage 
described, Imt still presents a beautiful reticular structure in well- 
stiiined sections. The distinction l)(»t\v«MMi kinoi)lasm and tro|)h()plasm 
here is not well marked; indeed, in no place in the development of 
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the central call is this dktinction evident. In tbp Flcmiiiitiff tiijiie 
f^lain tlie fibers radiating from the blephiiroplast are i^Uiinpd di'ep pur- 
ple with the. gentian violet as normally occurs, Ijiit tbe i-etieiilum of 
the trophuplasm also utainii the same color, though slightly lightt-r. and 

I in no case has the stain showed any charact^-ristic diffen-ntiatiou 

ln'tween them. 'J'lie nucleus of the centml cell in this resting stage 
jn.st preceding division is in most ciisen strongly indented on each side 
just below the blepharoplftst (fig. 5y). It might be iiasnmed at first 
that tbi»j was due to the growth toward the nucleus of the kinophismic 
tilamentd in an early stage of spindle formation, but careful exaininu- 
tion plainly !ihows that this i» not the case. The kinoplasiuic rays do 

L not crowd down against the nucleunt to any extent, and the spindle is 

entirely intranuclear when fii-at formed, having no connection witli the 
blepharopla^t. 

mVISION OF THE OENTBAI. CELL. 

1 The earliest -stage in the division of the central cell which the writer 

j has l>een able to detect occurs in the nucleus, in which hero and there 

i an accumulation of highly staining granules takes place, forming small, 

I irregularly arranged gmups (fig. 27). The blepharoplastM and other 

I organs of the cell in this stage remain com]>arative]y the same as in 

I the preceding stage. The condensation of chromatin matter evidently 

\ continues, and gradually the complete continuous chromatin skein ia 

I organized. In the skein stjige there seems to be nothing particularly 

I different from the process ordinarily observed in the skein stage of 

I other celhs and plants. The chromatin ban(t forms a loose, open coil 

(fig. 28), occupying but a small part of the nucleus. The small amount 

of chromatin visible here and in later stipes seems out of proportion 

to the enormous size of the nucleus. Occasionally light lines can l>e 

observed radiating from portions of the skein in tliis stage, jx>»sibly 

L foreshadowing the formation of the spindle. This would not seem to 

I be the case, however, as similar linesare also obsen'able in some instances 

II radiating fnmi the groups of chromatin granule.-* in the earliest stage of 
D division, in the skein stage the blepharopiast icmains in apparently the 
I same condition as in the preceding stjtge unless somewhat larger. The 

kinoplusmicradiations still appear very abundant. Thiscollectionof the 
st&inable matters into groups of granules and then into u continuous 
skein evidently foreshadows a genemi eoutructlon of the chromatin mat- 
ters into an irregular mass surniunding the nucleolus, a contmcted con- 
dition appaivntly tbe same as the synapsis condition or stjige which 
occurs normally in the reducing division in the formation of the pollen 
gmins of various plants. Its occurrence in this stage of the develop- 
ment of the spermatoitoids or germ ceibi of ZaiiUa is thus of imrlicular 
interest. This contiiiettHl condition of the nucleus in Zamiit hes Iteen 
obaervud in a number of instances in some of the very best tixed and 
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stained sections, and the writer can hardly believe it to be due to con- 
traction caused b}- reagents, as might be supposed. Indeed, the phe- 
nomena shown in Zamla would appear to demonstrate clearly that it is 
of normal occurrence here; for, as shown later, after this collection of 
the stainable granules in one portion of the nucleus, the other portion 
of the nucleus remains occupied by a plain reticulum of unstainable 
matter filled with minute refractive granules. Sargent (96) was able 
to observe this stage in living nuclei of the pollen grains of LUium 
martago)K showing that in that instaniu^ the apparent contraction phe- 
nomenon was evidently a normal one. No conclusi\*e evidence has 
been obtained, however, which shows its significance in the process of 
division. In the central cell of Z^tntla it is only occasionally that 
nuclei can be found in this condition, and it is not a favorable place to 
study the phenomenon. The collection of deeply staining granules in 
irregular masses would seem to be immediately followed by their 
graduiilh' moving toward one side of the nucleus and collecting around 
the nucleolus. The nucleolus is always in the midst of the mass of 
.granules after the completion of the contraction, and it may be that 
the contraction is always tow^ard that side of the nucleus to which the 
nucleolus lies nearest. The conviction can hardly be avoided that the 
nucleolus must ])e connected in some imi>ortant way with the collec- 
tion of these granules around it. In Z/nnUt the early stages at least of 
this phenomenon would seem not to be a contraction, Imt i-ather a move- 
ment of the stainable elements, granules, etc., of the nucleus to a 
region in close proximity to the nucleolus, while a colorless, slightly 
graiuilar, nonstaina))le matter remains in the original position. This 
unstjiined plasma is clearly visible and unmistakable and retains the 
original reticular structure (fig. 30). It might at fii'stbe assumed that 
this colorless nt^twork was due to the albumen used in atta(^hing the 
sections, or to some deposit from the paratfin or killing reagents. 
Such could not be the case, however, as in some places where the 
nuch^ar membrane had become contracted away from the cytoplasm 
no such structure intervened, which would have been the case had it 
been caused by the albumen cement or any of the other reagents used 
in th(». process of killing, imbedding, etc. By a careful examination 
of the edges of the dense mass of granules occrasionally a place may be 
observed where a few of the stainable granul(\s may b(» found extend- 
ing out into a strand of this unstjiinable matter (fig. 30). It would 
seem from this that the chromatin granules follow along the reticulum 
of this hyaline plasm in the process of collecting in th(* synapsis stage, 
and that in such cases as the above a few isolated chromatin granules 
had not yet unit(»d with the general mass when the material from 
which the section w^as taken was kilh»d and fixed. The reticulum of 
this colorless plasm seems thus to be coexttnisive with the reticulum of 
the (l*»nsely staining portions of the luicleus, and apparently occupies 
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lee throughout the nucleus, while tli« chromatin and linin ele- 
ments arc I'onoenied in the formwtion of the i^pirul Itnnd. This byaline 
plasm may prohahly he conwidered tho nucUuir sap or hyaloplufm which 
forms the ground sulistance of the nncleus. But it is cei-taiiily 
tirninf^d in a reticulum, while the hyah>pliisni or nuclear siip might 
1k' expected to fill ihts entire M]>ace. The chniiuatin and linin elements 
alone seem to be directly concerned in the formation of the ^piretn 
stage which follows, though this can only Ik^ conjectured. The gran- 
ules which are observable in the stainablc jwrtion of the nucleus while 
in thia condition are of two kinds. The larger ones, which ari>. round 
or elliptical in form and quite regular in outline, stain red with saf- 
ranin in the Flemuiing triple-stain process, and have the .sime struc- 
tural apiK-aranee as nucleolar matter, and, as they disappear later in 
the development of the chromatin spirem, it is probable that they are 
eome form of reserve food matter which is used up in the further pro- 
cess of development. The other granules stain a deep purple-like 
chromatin, and are probably of this nature, as they appear to form a 
psirt of the chromatin spirem, which can be observed in process of 
fornmtion in the synapsis condition. By a careful study of the coarsely 
granular stainahle mass of the nucleus in this stage it can be discerned, 
parlicularly in the outer portion of the mass, that the smaller protein 
granules are arranged in chains, which are contorted and tangled 
together sg closely tliat the arrangement can not easily be made out. 

The synapsis condition of the nucleus has been observed by numer- 
ous investigators, among them Sti-asburger (luS. tigs. 3. 66), Farmer 
(33, p. 473), t'alkius (18. p I115, tig. 3). Sai^nt (9*1), Duggar (29, p. 83), 
Davis (26, p. 9t{). etc. Its oi'currence is now so widely known that 
there would seem to be no doubt that it is a perfectly normal stage in 
certidn nuclcur divisions. In this stage (fig. 3i>) the hh-phai-oplast. which 
has Iwcome elliptical in most eases, remains ap|)arently unchanged. The 
ni dial ions of kinoplasmare very abundant, as in preceding stages. The 
cyloplaain pi-es^ents a fine reticular structure, the kinoplasmic threads 
corresponding with the network of the cytoplasm, Iieing nearly stmight 
in the vicinity of the biepharoplast and more or less waved after reeed- 
uig some distance from it. Scattered here and there in the cytoplasm 
are numerous perfectly round globuhw. staining exactly tho same as 
the n'.st of the network of cytoplasm, but set^ming to He iKHween the 
meshes of the reticulum. They would seem to ba excretionary gran- 
ules of some sort (metaplasm). but their origin and nature have not 
been followed out. 

The above sequence of stages in the pi-ophases tif division seem to 
the writer to !« the most probable interpretation, but he feels that the 
matter is still in some doubt. 

The next stage in the division which the writer has Iwcn able to 
observe is when the nucleus is in one of the closing prophases of 
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division approacliing metaphase and the spindle is mainly fonned. It 
is highly important to understand the details of spindle foriimtion 
because further light might be thrown on the nature of the blepbaro- 
plast, but the writer has not been able as yet to find the necessary 
intermediate stages to make the process clear. 

In the next stage which has been observed the spindle is in an 
advanced stage of formation and the chromatin matter has become 
contracted to the center of the nucleus (fig. 31). The nuclear mem- 
brane is still intact throughout, the spindle being entirely intranuclear. 
The spindle fibers which are plainly visible do not as usual di-aw 
together at the poles and form a sharp-pointed spindle, but in this 
stage form a blunt-poled or barrel-shaped spindle, something similar 
to that described by Fairchild in Basidiobolus (81, tigs. 3 to G). Certain 
groups of fibers can be seen to be attached to certain chromosomes 
and extend in a well-differentiated bundle toward the pole, reaching in 
this stage to the nuclear membrane, which is still apparently intact 
throughout, being as plainly visible at the poles as in any other region. 
This would point to the nuclear origin of the spindle, though it is of 
course possible that the kinoplasmic filaments surrounding the blepha- 
roplast could have penetrated into the nucleus and served to form the 
spindle. This, however, is not thought to be the case, although it may 
be remarked that the radiations from the blepharoplast, which >vere so 
striking in the early stages of d(»vclopment, are not nearly so promi- 
nent ill this stage. The intranuclear origin of the spindle, while not 
of connnon oc(!urrcnce, is nevertheless found in some instances among 
plants, as in the case of V(tl<m!a^ described by Fairchild (30, p. 336), 
and Aaatphyllum^ described b}^ Farmer and Williams. The latter 
authors sav: 

An interesting feature presenteil by the achromatic 8[)indle in thin, ami e8pecially 
also in the following oogonial divisions, as well as in the divisions of the oosixire 
lies in the fact that it is largely intranuclear. It begins to be fonne(i before the 
nuclear wall can be seen to be broken down at the two ends * * * (37^ p (525). 

Ill this stage of the division of the centnil cell in Zdmla the nucleolus 
has already ( ntirely disappeared. The nucleus has the shape of a 
biconvex lens, being almost elliptical in section, its minor axis cor- 
responding usually to the major axis of the cell (fig. 31). The spindle 
does not occupy the entire micleus, and at each side the protoplasm 
retains the reticular form similar to its structure before the spindle 
began to form. The most noteworthy variation in structure occurring 
in the cell at this stagi* of the division is in th(» blepharoplast, which 
has undergone a striking change since the lust stage. It has increased 
in size sonnnvhat, and the outer moinl)rane has separated from the 
contents, which in the meantime* has shiunk(»n somewhat, though not 
very markedly as yet. The ()ut<M- iiKMnhrjino of the blepharopla,st 
stains more deeply purple with Fleninii ng triple stain, and has sepa- 
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)ss .section ill this stage showing a 
■iiDkon litii>. The separations in this stage, iiowever, are yet quite 
iiit'gulai- uiul infrequent. The content of the lilepharoplnst has eon- 
trnt:te<l coiirtitiei'ahly. hut still retains its vacuolate appearance (fig. 32). 
The kinopliiNiiiic i-adiations whieh in the pivceding uta^e wore very 
Bironglj- developixl evidently almost disappejircd at this stage, as sev- 
eral well -stained si>ctions of nuclei in this stage show at boat only 
alight suggestions of radiations. The reticulum of the protoplasm is so 
armngf^d as to give the suggestion of radiations iiniiiediately adjoining 
the hlepharoplast, What becomes of the radiations the writer is 
unable to say. They may in some way aid in the spindle formation, 
but the nuclear nieinbrane still remains unbroken. Wilson says that 
"it is now generally agreed with Van Benedin that the mantle fibers 
are essentially a part of the asters — i. e.. are simply those astral rays 
that come into connection with the chromosomes" (13u. p. 79). This in 
certainly not the <;^ase in Zimia, unless we can Imagine the rays of the 
hlepharoplast swinging around, losing their connection with the 
hlepharoplast. and [K'nctrating into the nucleus through a well-formed 
nuck-ar nienibriine. The iimntio and interzonal tiljcrs of the spindle 
arc both fonned and the spindle apjMii'ently fully developed before 
the nuclear uicmbrano breaks down. 

As the division progresses and reaches nl)out the tnetaphasc the outer 
mcuibranc of the blephavoplast becomes more plainly segniented (fig. 
61, photograph) and the vacuolated content has become more shrunken 
and is plainly disap|>earing. During the metaphase. or slightly liefore 
oi' aftei", the luielear membrane breaks up and would appear to become 
transformed into spindle fibers, which remain in the position previ- 
ously occupied by the nuclear membrane and preserve the outline of 
the nucleus. 

In an early anaphase of division (figs. S3 and Ii2) the dividing nucleu.s 
presents a perfectly normal appearance so far as the main features of 
division are concerned. The chromosomes have just pulled ajiart and 
are approaching their respective poles; the nuclear membi'auc has dis- 
appeared, but the outline of the nucleus is still pi'esen'ed by fi!>ei'9 
which sw'ni to haie been formed i)y the disorganization of the imclear 
membrane. The disappearance of the nuclear membrane seems to be 
gnuiually accomiilishtd by its breaking down and becoming directly 
transformed into filwi-s of the spindle, outside of the mantle fibers, 
which spread out in each direction toward the periphery of tlie cell 
and later take [lart in the formation of the new delimiting plasma 
membrane. A layer of cytoplasm around the nucleus and a heniis- 
phericiil mass of cytoplasm at eat^h jwle presents a different structure 
and staining ca)>acity from the general nia-fs of the cytoplasm. It is 
composed of a more open rciieiiluni. which does not stain so deeply as 
the more dense outside portions. The poles of the spindle end in this 
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open cytoplasmic mass, and it is in these light polar areas that the 
daughter nuclei are finally organized. The blephai-oplasts lie entirely 
outside of these light areas a considerable distance fi^om the pole of 
the spindle. This can be obser\'ed more clearly by examining figure 34, 
which is an enlarged section taken out of cell photographed in figure 62. 
It will be noticed here that the spindle fibers come to a focus in the 
lower part of the figure. If now a centrosome or centrosphere of an 
ordinar}' kind was present it should be located where the spindle fibers 
come to a focus. This location, however, is occupied b}^ no body which 
could be considered to be a ci»ntrosome. A most careful examination 
of the protoplasmic structure has been made at this stage of division 
and no connection cixn be discovered between the spindle and the 
blepharoplast. The radiations from the blepharoplast ai'e, as in the 
preceding stage, leather inconspicuous and seem to be merely due to 
the arrangement of the reticulum. Between the ends of such radia- 
tions as can be observed and the pole of the spindle lies the hemis- 
pherical mass of polar cytoplasm, in which the reticulum presents a 
totally different appearance from that of the other cytoplasmic areas. 
The protoplasm here is made up of a loose, oi>en reticulum, in which 
individual threads may be fi'equontly o})served to run for a consider- 
able distiince in the same plane. The spindle fibers mn into this mass 
and end rather abruptly, not extending up into it. The spindle titers 
can not V)e confounded with the fibers of the reticulum. There can be 
no doubt that no fibers run from the spindle to the ))lepharoplast in 
any sense in which the spindle fibers focus on a centrosome or centro- 
sphere when such an organ is present. The spindle formation and 
structure were not investigated in nuich detail by Ikeno and Hirase; 
but this same peculiarity' of structure would seem to be present also in 
the plants they studied. Hirase's figure 18 (()2) clearly shows that the 
radiations from the blepharoplast do not connect with those from the 
spindle, and the pole of the spindle is illustrated as having an entirely 
separate aster, in the center of which a centrosome should be located 
if any such organ is present. This is not so clearly shown by Ikeno's 
figure 8, but in his figure 25a (70), where the nucleus is in an anaphase 
of division, the ))lepharoplast is very distant from the pole of the 
spiiid'e. 

The structure of the blepharoplast of Z/vittn in this anaphase is also 
particularly interesting. The outer membrane is still observed to be 
split up into a number of segments. The membrane itself in cross 
section when very carefully examined seems to ])e made up of numer- 
ous graiuiles of comparatively the same diameter placed side by side 
and making up the membrane. This structure is particularly interest- 
incjf in connection with what follows wIhmi the membrane is broken 
up and appears merely as a group of numcM'ous granules. 

The contents of the blepharoplast, so far as the stiiinable matter is 
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concerned, has entirely disappeHivd. and inside of the blepharoplast 
now a Hear hyaline pla-sni is visible, fomiing a delicate reticulum with 
large meshes Homewhat similar to the plasm found in the colorless 
parts of the nucleus in the synapsis stage of division. What has bocorae 
of till- dense sUunahle matter which previoiusly (tccupied the center of 
Ihf tilepharoplastf It will Ihs reniemhored that this matter appeared 
hir^'ety like nucleolar matter, remaining homogeneous liut vacuolate, 
and staining deep red with sufranin. Its irontraction away from the 
outer mrmhnme of the hlephnroplii.st during divisinu and its gnuUml 
disappeai-ance as above descrilwd indiciitos that It may have been util- 
ized as reserve food material to provide for the active growth which 
baslK'on taking pW^e in theblepharoplast itself and in otherimrtsof the 
cell. The growth of the outer memhi-ane of the hlepharoplast in thick- 
ness and the appearance of granules in the structure of the membrane 
is evidently correlated in some way with the disap(wanincc of its con- 
tents. When the daughter nuclei organize in an early telopbaso, they 
are at first strikingly small in comparison witli the organizing daughter 
celU and the nucleus of the mother cell. Figure 35 shows a dmwing 
of a fairly early telophase, and a photomicrograph of the 9anu> cell is 
shown in figure 63. The nuclei of the daughter cells in this cjise have 
reached the daughter spirem stage, the chromatin spiral being plainly 
visible in one of the nuclei, The nuclei are elliptical in Hha|)e, lieing 
fi-cHu '20 to M It knig and from 12 to 13 /' widi'. Thi- diiugliter nuclei 
are located in a portion of the cytoplasm, having a different reticular 
structur(\ which evidently cori-espontls to the siK-cializcd polar areas of 
cytoplasm d"scrit)ed in the preceding stage. The spindle fillers have 
bulged out on each side of the old mother-celi nucleus, nuiching the 
cell wall on each side. They have contractA-d away from the daughtei' 
nuclei, and seem at their ouU-r ends to l»e in the pn>c<'ss of gradual 
transformation into the normal reticulum of the cytoplasm. No visi- 
ble thickening occurs on the libers where the new plasma membrane 
is to be formed, but a sjmce free of granules and slainable matter 
clearly shows wheiv the new plasma incuilniiTie delimiting the two ceUa 
will form, This is particularly well shown in a phoiomicrogniph of 
the cell shown in ligure i>3. 

The ble pilar op la.st. which in the preceding stage was separating 
into plates or fragments and showed itself in cross section to be made 
up of numerous small gniniilcs so placed t^vgelher as to form a mem- 
brane, is in this stage represented by ti group of numerous round or 
oblong granules clustered t<igether in a somewhat in-egular, more or 
less spherical ma-ss, which stains the same as the outer membrane of 
the blcphfiroplast. It would seem that the outer membntne of the 
blephaiviplust bi-eaks up into numerous si>gnients or granules, which 
assume II roiHidish or elliptical form and through the action of the 
cytoplasm l>ecorac crowded together in a mass occupying the position 
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of tliB oi-iginal blpphttropliwt. In the cell hIu)wii in %uro 35 the gj 
ules are from one -half to 1 /i in diamot^r and stain deep purple with 
Flemraing: triple stain, as does the nuelear menihrane. The masa 
g^rannli'tt here oo.cupieis more space than the diiii[rlitei' nuclei and foi 
a somewhat rectaii^dar tnass from 10 to 1:^ ^ wide by from 2IJ to 23 
long. The cell figured here in smaller than usual, being only 132 
174 /J. The radiations from the blepharoplast would seem to )je situjdj 
a<;ceutuated »trandtj of the retiruluni, the iiidiations running irrej 
larly and corresponding with the walU of the cytoplasmic moahi 
The radiations are by no means plain in this stage, and end mther' 
indetinitely when they approach the granules of the blephuroplust. 
There is no indication of any uicmbrane surrounding the blepharoplast 
in this stage. 

In a luU} telophase, when the daughter nuclei approach a restii 
condition they are found to have greatly increased in size, while tl 
group of (granules remains of com]jai"atii-ely the same size, and to all 
appearances unchanged. In this closing stage of the division, how- 
ever, a most wonderful piocess is just stalling the organization of the 
cilia-beainng band of the siierniatozoid, which is formed by the unioa 
of the granules of the blepbarnplast. At tirst the band can be detected 
only as a delicate, whort, deeply stninable line, extending from the 
group of granules of the blepbarbplaat toward the nucleus. At first 
apparently only one of these lines can be observed, but shortly, aft. 
development progresses, a similar line can be observed protruding! 
from the mass of granules on the opposite side (fig. 39). At first the 
band is very narrow, being scarcely more tlian a line. It gradually 
increases in width, however, as it increases in length, till it soon has 
an appreciable width. While there would seem to be no possiMe 
dou>>t that the band is organizeil at the expense of and by the graft' 
ules of the blepharoplast, the details of the process of the organizatiotf 
is st>mcwhat difiicult to discover. In some sections the writer 
been alile to distinguish what seems to be individual granules of 
blepharoplast fusing vritb the band where it joins the mass, several 
the granules that have united with the ttand still showing their indK 
viduality (figs. 36 and 37). Again, in bands which have devnloped 
considerably the thicitness seems to be continually added to by the 
fusion of other granules with it directly- on the edge which litja next, 
to the mass of grannies (figs. SS and ti-t). It is not infrequent 
find sections showing indications of this sort, which suggest the uni 
of the granules t^tgether to form the band. Furthermore, aa 
band grows in length the granules of the blepharoplast 
disappear till all have l>cen absorlicd in the growing band, 
writer thus feels that there is little doubt of the oorrectnesa of 
interpretation. This history of the origin of the cilia-bearing 
by the fusion of the granules of the blepharoplast was first 
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by tho writer at the August ^i, 18ii.s meeting of the Aniprimii Asso- 
ciation fwr the Advancenivnt of Science, and was published in Sfiont-e, 
Novembpr 11. ISltS (127). The sanie conclusion aw to the origin of 
the cilia- bearing t*and in Cf/va» was reachfd by Ikcno apparently aliuut 
the same time, and published in his monogimph which appeared some- 
what later. November 23, ISHtl {70, p. 575). The beak which extends 
out from the nucleus to ibe lilcpharoplast and forming band in ('yeas, 
OS described by Ikeuo in Ci/iyiK (70) and by llirase in Ginkgo (62), 
the writer has not been able to find in Z<imifi, even after renewed 
search. There would seem to be no reason, however, to doubt the 
correctness of the obsen'atioiis of Ikeno and Hirase. It may 1>e that 
such a nuclear beak is formed also in Znmla, but was contracted in 
the writer's specimens by the reagents. There is nothing to indicate 
thiis, however, and the writer believes that no such nuclear extension 
or I«ak is formed in Zamiii. How it i«uld have escaped o1)ser^-ation 
in the long-continued reaeai-ches of the writer when apccial attention 
was given to searching for it is difficult to imagine. Siniibir l>eak- 
like extensions of the nucleus toward blepharoplasts have been 
observed by Strasburger (112) in swarm spore formation, and toward 
the centrosphere by Harpei' in the foniiation of the ascospore walls in 
Eri/Hiphe (51. tigs. 18-2o) and Lu<-hr,m (62, tigs. 43-45). In a Iat« 
stage of tlie spermatozoid formation in Zumla, when the ciliferous 
band has completed its growtli, numerous little points have been 
observed extending out toward it from the nucleus, but these extru- 
sions are certainly not connected in any intimate way with the process 
of band formation. 

Ill the stage when the ciliferous band tir,st begins to organize, the 
daughter nuclei are usually approaching a i-esting stage (fig. 36) and one 
tmcleolus and sometimes two have already been organized in each. The 
spindle filters have shortened up materially and the cell plate is usually 
fairly well organized. The formation of the plasma membranes sep- 
antting the two cells is frequently shown with giv^t clearness in Zamia 
and one can observe all stages of the transformation of the spindle 
fibers into the reticulum on one side and the plasma membrane on tho 
other. The spindle til>ers gradually shorten in length and contract 
into tlie cell plate, apparently forming the material for the organiza- 
tion of the seitaratlng ineuibranes. Even in an early stage of the 
organization of the sepiirating membrane, when only a few meshes of 
the cytoplasmic rccticuliun intervene between the daughter nuclei and 
the ends of the spindle libers, the place where the future cell wall 
will form is plainly shown by a slightly lighter, clearer area crossing 
the cell (figs. 35 and ii^). As the cell advances thickenings appear ou 
the spindle fil>ers where the new wall Is to fonn. The fibers continue 
to contract more and more until they become very short. A lighter j 
staining mass of protoplasm then shows on each side of the forming I 
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wall into wbk-b the short ends of tbe s^pindle fibers extencL and in 
wfairh their ^rradual transformation into the ordinary reticular struc- 
ture of tb*- protoplasm ?*eem< to >ie takintr pfau^ iig. 44>. Ordinarilv 
tbe douMe pla-^ma membrane can net lie dLstinj^niis^bed readily, but in 
some instances it L? plainly discernible, liein}^ due evidently to slight 
contnM'tion. In the case of tbe division of tbe iientral i^ll which gives 
rise to the sp<.*rmatids no cellulose well is formed between the cells. 
In <ti«-es where >urh a wall is formed or normally occurs it would 
doubtW-ss lie laid down lietwf^*n the two plasma membranes. As to 
th<' qu<*stion of tbe division of the swellings on the spindle fiber into 
two |Kjrtions in tbe formation of a double plasma membrane no evi- 
den<-f^ ha.s lieen obtained. The two membrane^ normally apj)ear as a 
single membrane and appan*ntly. unlc'^s then* is some i-ontraction. tbe 
pre-^'hce of a double membrane i-an not Ije determined. The details 
of tb«* origin of the plasma membrane here oirn\<|^»ond in general, so 
far a-* tnuM.nl out. with the conrlu^^ions ot Stn^-burger. A double 
pla->nia membrari*'. >urh a- is H^»n in tbe central cell of Z^iinia^ is also 
deMriU'd by Blackman (l»l. p. 4<hi> in tbe formation of the ventral 
canal r-rll in P*/t*ijt. 

In a stagf* slijrhtlv lat«T than the one alcove de^i-rilxHl the division 
may \h'. con'»id«»red a*, completed: tlie daughter nuclei having appir- 
eritly n*turned to the ivsting eondition (tig. ^^»»»k The orgiuiization of 
the <'ilia-JM*ari ng Imnd. how«»vt*r. is yet innniiplete. The Inind and 
bl<*pharoplast granules still lie free in the cytoplasm, al>out midway 
\fi'X\\i*i*u thf nur-leus and the pla.<ma nuMubrane. The Inmd by this 
tiuM' ba-^ grown to an appreciable thirknes** and increased greatly in 
hrigth. It now forms a cn's<vnt-shai)ed ImkIv with the granules 
grou|*«d on o!i«- >h\r I rigs. 3*> and «»4l The Iwml in this stage is 
usiwlly afnuit 7 to In u in width at broadest jM>int. 

METAMORPHOSIS OF THE SPERMATIDS. 

Aftri* <*jin*ful ron<idcratioii the writer has concluded to adopt the 
zoological t<*nn y /.//// '///'/< in <l<'>ignating those cells which lK*c*ouie 
nM'taiiiorphoM'd directly into Hpcniiatozoids. The change in the 
(\\i\\\r\\\i'V <-elU fn>ni the closing of tiie division of the eentral cell up to 
the iiiatiiringof the "-pcnnalozoids i^- thus discussed under the heading 
J// /////. ///y>////x/x of lh' Sjf I'ntiii'nls, The nomenclature here u«ed 
corre^pf>Md^ with tluit ii-e<l l>y Shaw (lU'J) in M*H'siJtii, The use of 
sjh tnnffft/ 'A\\i\ sprrni*ii":.n'ni iii>tea<l of >iiiiltt rJiltLst and anih^rozoid^ as 
th«* wiiter at tir^t iiiteiKied. >eeiii> coninieiidahle as terms bayinga 
corre^pcmding nn-aning in zoology and thus more generally under- 
stood. The c<Mitral <'ell and iiilernn'diate cell generations can not be 
given t«*nns similai' to the zoological ones, as the process of devel- 
opment in plants is very ditlen^nt from that of animals, the ZQl 
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division occurring in the division of the pollen mother fell preceding 
the division which gives rise lo the pollen grains. 

The most marked change takes plaee first in the eilKeroas band, 
which continues to grow in length and width, and develops kinoplas- 
mic mdiutjons from the outer Nurfaee. These radiations sometimes 
VKcome very prominent, reaching out nearly to the plasma nienibraue 
(fig. 41). In the mnjority of the writer's ^tections, however, no prom- 
inent radiations like these can l>e discovered. It is not long, however, 
till small papillie are formed on the outer surface of the band which 
evidently develop into cilia later {lag. 40). It may be that theae pro- 
tu>»enince8 occur while the band is young and grow into the marked 
radiations later. However this may i>e, it is certain that in a later 
stage the radiatioTis disappear again or are contracted to small pro- 
tuberances on the outer surface of the Imnd. The band up to this 
time lie-s Ere*! in the cytoplasm of the cell about midway between the 
nucleus and surface. 

The minute structure of the band in the spermatid in Znrnirt reminds 
one forcibly of the structure of the tail of certain animal spermatozoa. 
While the band is wtill short, in fa'^t almost as soon as it can he clearly 
distinguished to have width, one edge of the band seems to be denser 
and heavier than the other edge. This is the edge on which the gran- 
ules unite. In the mature spermatozoid, however, this distinction in 
the thickness and density of the different edges of the band can not be 
plainly distinguished. 

.\s the differentiation progresses tlie 1>ftnd, which has meanwhile 
absorbed all of the granules of the blepharoplast. incomes gi-eatly 
extended in length, moves out away from the nucleus and becomes 
more or less closely applied to the plasma membrane of the spermatid. 
The band by this time has increased greatly in length and in this stage 
forms from one to two turns around the cell. In its growth the band 
is always so extended that it forms a helicoid spiral. The turns, when 
viewed from the apex, always running in a direction contrary to the 
hands of a clock, the spiral formed by the growth of the blepharoplast 
band is thus a levotropic one. When the ciliferous liand has com- 
pleted one tuni around the cell it has usirally taken a [msition on the 
equator of the c#ll in such a way that it completely encircles the 
nucleus of the cell. In median sections through a spermatid at this 
stage the band is seen in sections on oppiisite sides of the luicleus 
(fig. 4i), If the series of sections of a pair of spermatids is traced 
through till the upper section is reiu-hcd the surface of the single 
band will be found Ui stretch entirely across it above the nucleus. To 
reach this location from the point where it was organized by the 
blepharoplast grannie^), the Imml has traveled almost the entiiv width 
of the coll. It can bo observed in this stage to be in close proximity 
to the plasma membrane, but evidently not fused with it, as the writer 
5520— No. a— 01— 4 
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was at OTK' time inclined to Iwlicvo, Immediately ovpr the liand the t 
phvsiim membrane of the cell is invariably strongly indent«Hl. The J 
cilia which develop from the outer surface of the hand in this stage \ 
are little move than protulie ranees whieh :<eem to strike the plasma | 
membrane of the cell and finally penetrate it and grow into mature 
cilia. The band eontiniieH m grow in leuj^h, hiU meanwhile decreaseb 
somewhat in width. It is broadest near the apicitl end and decreasea 
in width gradually at both ends. The elongation continues until the i 
band has developed five or six continuous turns around the cell. In 
thiM mature condition it is found to have developed in the form of r 
helieoid spiral with the apex located at the point of the cell corre- 
sponding to the original position of the blepharuplast. It is thus 
opposite the point of contact of the two spermatidi^ in each case. 
During the growth of the ciliferous band the nucleus of the upermatid 
has increased in size, growing very markedly at the expense of the 
cytoplasm. The entire cell increases in size meanwhile, but not so 
nipidly us the nucleus. 

STBtlCTUHE AND FOBU OF THE HATUBE SPEBUATOZOID. 

The mature spermatozoids. befoi-e they start to swim, diflfer but lit- 
tle in appearance from the spermatid.s in tbe last stage described (tig, 
42). In all cases the two sperniatozoids which i-esult from the division 
of the same central cell remain attached together until active motion 
starts. When mature, and before fieparating, each spermatozoid is 
irregularly hemispherical in shape {tig. 45). The nucleus occupies a 
large portion of the c€ll. but is plainly surrounded on all sides by a 
layer of cytoplasm. The karyopiaam is coarsely reticular and open, 
and thei-e is almost invariably one or two nucleoli present. The cyto- 
plasm surrounding the nucleus on all sides is very densely granulw 
and stains deep violet blue with tbe Fleuiming triple process. It is 
so densely granular that it is almost impo.ssiblc to distinguish the 
reticular structure of the protoplasm. The ciliferou.s band in the 
mature speruiatozoids is plainly .shown, forming a helieoid spiral of 
fi'om live to six turns which covers about one-half of the body of the 
spermatozoid. At the apex of the spiral the band apjwrcntly leaves the 
surface tif the cell and gradually fades out, the small end occasionally 
making a complete but inconspicuous turn in the cytoplasm of the 
cell. M the open end of the spiral the band decreases in width and 
tinally fades out entirely. The band retains the shape dewribed io 
the older stages of the spermatid, being distinctly broiuiest near 
apical end of the spiral and becoming narrowed to a point at each 
The following is the width of the band at each of the six cross seotit 
on one side of a spermatozoid in a median section, beginning 
apex of the spiral: 5.1 ;i. 8.y ;*, 7.7;*. 5,1 j",5.1 ^,3.8;*. ThesCi 
would correspond closely with those taken from any other full-gl 
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spoi'DaatoKoid in .•section. The plusiim iiipmbi-aiie over the })and is 
stroii{f ly indented both in spernmtids before motion has started {lig. 45) 
and ill the upernmtnzoids »wiinming frpe. This forms a df't'p helieoid 
furrow on the outside of the spermatuzoid body. Below this inden- 
tation lies the filiferons band, frequently in sufh eloae connection 
with the plasma membrane that it is difBeult to deteniiine that the 
band has not fused with it. In some instances, however, in the most 
mature specimens, it can lie seen that the l)and remains distinct and 
that the very numerous cilia growing from it penetrate through the 
plasma membrane (lig. 46). 

An interesting question l^s presented in regard to the structure of 
the ciJiferous band. In some sections it would seem to be iiiade up of 
numerous tine granules placed together side by side in such a way as 
to form a connected membrane, and the cilia appear to grow fi-oui 
these granules. It would be interesting to know if these individual 
granule^) ai-e the wune granules in each case as occurred (wfoi-e the 
organization of the lund when tLe blcpharoplast had broken up into 
a mass of granulen. While this would seem probable and a natural 
sequence, no direct evidence has been discovered in its support. It 
might be added that the number of cilia on the t>and would seem to be 
larger than the number of granules in the blepharoplast. but no at^tual 
estimation of the number of these has been made in either case. The 
development of the cilia from definite granules in the band I'an be 
analogized with the granules which Straaburger found at the base of 
the cilia in the swamLspores of (Eihgimiinn Vmic.ht^H'K etc. (112). ■ 

Another feature of importance in the spermatozoid formation of 
Zamiii is the metamorphosis of the entire spermatid cell into a sper- 
matozoid. In the writer's preliminary papers it was pointed out that 
when the central cell divides to form the spermatids a plasma mem- 
brane is formed entirely across the cell, and that in the transformation 
of the two daughter cells or spermatids into the spermatozoids these 
cells are ti-ansformed directly into the spenuatozoids without the for- 
mation of a new plasma membrane. There is thus no formation of 
the spenuatozoids inside of a mother cell and the diffei-entiation of 
new walla around the siierniatozoids, as had been described in all pre- 
vious cases of spermatoKoid formation, so far as known to the writer. 
The correctness of the writer's observations were questioned by some 
botanists, and this has led him, in later investigations, to give special 
attention to this point. Further study, however, has only conrirmed 
the view first stated. The spermatids are made up of the entire daugh- 
ter cells resulting from the division of the central cell. The correct- 
nens of the writer's observations on this point were conftrmcd l>y Ikeno 
in his study of the spermatogenesis of Cy<y.i« (70). where no mother- 
celi menibnine or wall inclosing the spermatozoids wa^i found. In 
Irhikgv the matter still remains in doubt. Hiraoc (t>:i) dues not dis- 
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cusH tbp matter dirertly, but his ligun'^. 19, -H, -Jti. und ^8, migfa 
taken as indicating an inclosing meinliruriL'. Fujii'si figiirps {4^l, 
2 and 5) also represent the formation of the spermatozuidii inside 
mother cpH, although here again appaifntly no sperini attention whs' 
given to this point, and tiie appeamnces of the figures, as will l>e 
shown lat*?r, are capable nf other explanation. CVmltei' and Chamber- 
lain have recent!)' called attention to this apparent difference hotween 
the development of Zanuu and Cycim and Ghihiv (Mi, p. 44). The 
aame authors draw a dislini'tion between the spennatoKoids of Xmnia 
and Cyc't* and those of lower plants which the writer thinks can hardly 
b<! maintained. They say; "It is these ciliated cells which have been 
called spermatozoida or anthei'ozoidR, and such they are physiologic- 
ally. Morphologically, however, they are sperm mother cells which 
do not organize sperms, a fact which seems true of all spermatophy tes." 
The organization of the whole cell into a spemiatozoid is considered 
by them to be very different from what occurs in the Pteridophyl 
"The contrast with Pteridophytes, in which each mother cell or 
izes an internal ciliated sperm and discharges it, is sharp." It 
difficult to harmonize this statement with the recent researches of 
Shaw (102) and Belajetf (12) on MarsUia. where it is clearly shown 
that the spermatwzoid is the entire mother cell metamoi-phoscd. It is 
too early to generalize, but the writer is inclined to the opinion that 
where spcrmatuzoids are differentiated inside of a mother cell which 
is discarded it will be found that it ia the cellulose shell only, if such 
is present, which is thrown away. The plasma membrane (//owt- 
dchichi), from which the cellulose wall is apparently secreted, prol 
ably draws away from the worthless cellulose shell in the sperctatozoit 
formation so that the entire cell, morphologically, is utilized. Ni 
ing is lost in nature as a usual thing. How then could we expect 
plasma membrane, whii-h is apparently simply a moditied form 
active kinoplasm, to Ix* thrown away f The fact that a double plasma 
merabrano delimiting the daughter cells is first formed in cell division, 
each cell having its own membrane, and that if a cellulose wall is 
formed at all it appears later Iwtween these membranes, indicates that 
the wall is of secondary importance, which is further supported by 
the fact that in many cell divisions, as in all the protballial cells of 
Zaiiiia and Oi»k>/o, no cellulose walls are foiiiied, the cells being 
delimited only by the plasma membranes. The cell wall the writer 
looks upon as a secretion and not an active organ of the cell, the 
discarding of which could not be looked upon as indicating a different 
morphology. In case more than one spemiatozoid is formed within a 
cell their formation must be preceded hy karj-okinesis, which would 
doubtless divide the protoplast into as many distinct cells. 

Strasburger's recent investigations of swarm-spore formation 
be citfld in support of the writer's view on this point. He 



Vt««|^^^H 



uch 

t 



mation nuqf^^H 
e states that^^H 



STRlTmiRK AND KdRM Of THK MATURE SHKBMATUZCHD. 



53 



in his eaillfi' invest ijitU ions on Yttwlnrla hu was inislakL-n in ilcscnb- 
ing the dinsolution of the Iluutsehicht of the sporanpiuin and the for- 
mation of fi new IIiiMt-vhii-ht around each uporo (113. p. 188). In the 
case of (Edoyonlvtn, also according to Sti"asburger. the Ilautsfhlcfit 
of the spomnwiuni yoes to form the Jfaufjichirht of the awavm-spore. 
Strasburgtr says: "Pic Hautiichicht des Spornngiiims liefert auch 
bier thiltsSchlich diti HautKchicbt dcr Schwarmspore. " 

In studying the living pollen tuljes in sugiir solution)^, considerable 
search has been made for evidence bearing on this point. In no case, 
however, has a definite membrane connected with the utalk cell been 
found inclosing the spermatozoids, which could lie considered as the 
wall of the mothci' cell. When the sjwriiiatozoida pull Apart, how- 
ever, an appearance is sometimes obsei'\'ed which might su(jgest the 
presence of n mother cell Wall. If mature pollen tubes, in whidi cilia 
motion ba-i not begun, are placed in »iigar solution, the cilia liegin to 
vibratft and the spormatozoicis gmdimlly pull apart and round up, as 
desfrribcd elsewhei-e in this pai>er. When the cilia Krst liegin their 
motion the surrounding pi-otoplasm seems to hold together and spring 
bock and forth by the beating of the cilia, as if bordered by a definite 
membrane. When the siienuato^oids round up they occupy less space 
than when they are attached and quieseent. In certain tubes the pro- 
toplasm surrounding the speruiatozoids holds together tenaciously 
when the spermatozoids begin motion, strongly suggesting the pres- 
ence of a mother cell wall. When the spermatozoid strikes against it 
or when hit by the cilia, the protoplasmic mass does not break up, but 
shows elasticity, springing in and out with the impinging of the 
cilia, etc. This is seen to some extent whenever spermatozoids are 
observed starting their motion, but it is seldom very noticeable. 
Usually the protoplasm soon breaks up and the spermatozoids swim 
about unobstructed. ^Vhile these observations suggest the presence 
of a mother cell wall, the writer believes that it must tw interpreted 
in another way. as it is certain from a .'itudy of prepared sections thftt 
no distinct wall from that of the mother cell is formed around the 
spermatozoids. It would seem that the protoplasmic structure is 
not easily broken up and bangs together tenaciously in some coses. 
Again, the plasnm membrane of the pollen tut«, which is a single cell, 
surrounds the entire prnthallial apparatus, and it i.« probably this 
membmne which giveji the spermatozoids some difficulty in breaking 
through into the general pi-otoplasiiiic contents of the jiollen tube. 
The plasma membrane of the pollen-tube cell is not so easily differen- 
tiated as that of the cells of the prothallial apparatus, but is usually 
clearly distinguishable, and wouhl prolmbly form an obstruction to 
any object like a siiernmtozoid entering it. Considering the structut^ 
r and phenomena presented, the writer has l>een led to the conclusion 
I that the description of the stiucture given in his proliminarv paper \i 

in 
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correct, and that Hirase and Fujii probably erred in figuring a mother 
cell in Gr/thjo. inside of which the sperniatozoids are differentiated. It 
is ini|K>rtant to note furthermore that in Fujii's figures (4<\ tigs. *2 and 
5j, the drawings, when critically examined, do not show the differen- 
tiation of the s{HMTnatozoids inside of the mother <*ell, as no wall is 
shown sejxirating the two spennatozoids. When the central i*ell 
divides into two cells they are separated by a definite membrane. If, 
then, each one of these mother cells develops a spermatozoid inter- 
nally, this separating membrane should remain between the develojv 
ing spermatozoids, but this is evidently not the case, judging from the 
figures. Fujii's figure 2 seems to illustrate exactly the same appear- 
ance as that described above as occurring in Zamia when the spenna- 
tozoids pull away from eai'h other and round up so that they occupy 
less space, and have their original location rflarked by the surrounding 
plasma membrane of the pollen tube. The writer believers that it may 
be safely (concluded that Ginhgtt corresponds with Ziimia and Cycas in 
the metamorphosis of the entire cell, and, as stated above, believes 
that this method of differentiation is in harmonv with what is found 
in Mamilia,, and probably in other ferns and lower plants. 

MOVEMENT OF SPEBMATOZOIDS. 

For pui'posi^s of microscopic study the pollen tubes were cut off 
souHi distance al)ove the prothallus and placed on ordinary microscopic 
slid(»s, hollow-ground slides, or in glass chambers in solutions of cane 
sugar. In the b(»giiming of the studies water was used, but this proved 
\K'V\ unsatisfactory, as tlu* sp(»rniatozoids soon died and burst, evidently 
from the dilfcM'cfice in densitv of water and the contents of the cells. 
Solutions of cane sugar of several strengths were tried and a solution 
of al)out 10 ])er cc^nt gav(^ in general the best results. By the use of 
this solution the; spennatozoids were kept living and moving for a 
considerable time, making it possible to study them quite carefully in 
a living condition. If they arc transferred to the sugar solution with- 
out iniurv tli(»v usuallv continue to move from thirtv tosixtv minutes 

•V ft * • «> • 

and ofH* instance was n^-orded where motion continued for two hours 
and forty-four minutes. The feat of cutting off the pollen tubes 
which hang down from the apex of the nucellus, as shown in figure 51, 
is by no mcansas (liflicult as might be suppos(»d, judging from the size 
of pollen tul)(»s and sperm cells in ])lants ordinarily. Here the pollen 
tubes and spermatozoids are so large that thi\v are plainly visi})le to 
the unaided (ne and can b(» easilv handled under an ordinarv dissectinir 
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IcMis. In tin* manipulation the ovaritis are cut open and the upper 
]"Mirt of th(» membraneous nucellus with th(» pollen tubes removed. The 
nucellus (uui then be inverted over the first finger of the left hand and 
held in place by the thumb and second finger. Held in this way the 
tubes protrude j)rominently and can l)e easily cut off with a shaip 
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scalpel or razor and tnmsferred to the in ifroscopic slide. In many 
caaes the writer succeeded in cutting off th« tubes nicely by pWing 
tlie tip of tbe nucelluts witli the pollen tubes uninjured on the lilide in 
su^r tiolutiou under a dissecting iiiicroscopc and while holding it with 
forceps severing the tubes liy a lateral cut. In this way one may fre- 
quently get uninjured fiperniaU)Zoids swimming free in the solution, 
and it is then a stinking «igbt to obseiTe them. It is difBcult to believe 
that the little opaque white BpherCi^, which can be seen very easily 
with the unaided eye and can even lie olwerved to move around, are 
really spermatozoids. It is not a difficult matter to obtain the sper- 
matozoids moving in Znmiu, the writer having observed hundi-edc of 
them living and moving. He haswhown tht-m to many friends, includ- 
ing some twenty of the Waahingtou botanists. 

in removing the nearly mature pollen tubes the spermatozoids are 
found to iie in various stages of development, as would l»e expected. 
In many cases tubes have l>een obsei'ved, before cutting them off. in 
which the two spcrmatozoids had pulled apart and were swimming free 
in the protoplasm. 'In some itistanees their movement in the ix)llen 
tube, before it is injured, can be observed with tbe aid of a hand lens. 
This was first noticed by my colleague. Dr. Erwiii F. Smith, in material 
which he was looking over with the writer, and was later observed by 
the writer in many instances. 

Evidently this is what oirui-a normally in the development of the 
spermatozoids, just liefore fecundation, as numerous instances have 
been found in pi'epared sections of material, just at the time of fecun- 
dation, in which the spermatozoids had broken loose from tJie stalk 
cell, pulled apart, and were swimming free in the pollen tube {fig. 6S). 
Their lively motion probably has considei"able to do with the bursting 
of the pollen tulw when they are discharged in the prothallial I'avity 
over the archegonia in the nonnal course of fecundation. In many 
instances tubes which were cut off and placed in sugar solution were 
much younger and showed the prothallial apparatus entire, e.\aclly as 
shown in sections. The second prothallial cell inside of the stalk cell 
in sueh instances showed very plainly, being of a darker color than the 
latter. The nuclei in these two cells, however, could not be discerned 
in the living material, prolmWy owing to the surrounding starch, etc. 
The two spermatozoids in such tubes remained attached, though appar- 
ently matured. When mature jKillcn tulies of this nature are cut oil 
without injury and placed in sugar solution the protiialliiU cell, stalk 
cell, and spei-matozoids van at tii'st \v seen to huvo thetr normtti ■^liape. 
In a few minutes, however, when the Migar has had time to diffuse 
into tbe i>ollen tube the spermatozoids graduallv l>egin to move. A 
few cilia start the movement, contracting Irsl: then 

gradually the other cilia begin to move and -tioii 

hicreuses until soon all of the cilia are ' tey 
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can hardly be »t?eii. The Mpennatozoick after istartin^ motion sootT 
break loowe from the stalk cell, which quickly collapses. Shortly after 
this they liegiii to giudually round up and pull apart, the ciliar motion 
continuing very iictive meanwhile. As they are located previous to 
this, cltwely pressed together with their major axes ci-ossing the tube 
{fig. ■i7»), there is not room foi' them to .separate by pulling directly 
apnrt. so they sti-etch in opposite dii-octions, bending toward the longi- 
tiidinitl asis of thn tube (fig. 4" b iind e). They continue to round up 
more luid more and finally pull entirely apart (fig. 4Td). In one tube 
of this nature, when first cut off and platted in sugar solution, stream- 
ing motion of the protoplasm of the pollen tube was noticed in some 
strands immediately above the spermatozoids. This was entirely 
interrupted as soon as the motion of the -spermatozoids began. 

In the examination of fixed and stained .sections of tuties in which 
the 8|jermatozoidH wore swimming, there seems to be very little proto- 
plasm ill the tul)e. The living tubes, however, present every evidence 
of being very turgid and eomplotcly filled, and such is doubtless the 
carie. In tubes which are cut off quite long and are uninjured in the 
transfer, such as the tube mentioned above in which streaming uiotioii 
was observed, the entire tube la seen to be filled with gi-anular proto- 
plasm, with definite strands occurring here and there. The sperma- 
tozoids when they first begin moving have some difficulty in breaking 
through the plasma membrane of the pollen tube cell and entering the 
general protoplasm of the pollen tube (see page 53); when this is 
accomplished, however, they swim back and forth with considerable 
ease. It is an intere.'^ting sight to see the two giant spermatozoids 
moving around vigorously in the pollen tuVie, bumping against each 
other and the wall of the tube in their reckless haste. They seldom 
escape from the upper cut end of the pollen tu'oe. although they as fre- 
quently swim toward this end of the tube as the other end, so far as 
could be observed. In many cases the pollen tubes were cut so that the 
spermatozoids escaped into the solution, and in numerous other cases 
matui-e turgid tubes burst in the process of cutting, discharging the 
uninjured spermatozoids in the sugar solution. The writer was thus 
able in many eases to study the spermatozoids swimming free and 
observe their unobstructed motion. The plasma membrane of the sper- 
matozoids is vei'v tender, however, and is commonly broken in attempt- 
ing to remove them from the pollen tube. W hen swimming free without 
pressure thej' are slightly ovate, nearly I'ound or compressed spherical 
(fig. 52). They vary greatly in size, but are commonly slightly longer 
than broad, ningiug in length from 222 to 332 ju and in width from 
222 to 306 /'. The spermatozoids of Glnhjo are descril>ed by Hirase 
(62, p. 123) as being egg-shape<l arid S2 ji long by 49 /i wide. Those 
of t'ljcas ai-e said by Ikeno (70, p. oSO) to be IfiO ft long by 70 /i wide. 
The spermatozoids of Zamia are thus much larger than those of Cyoo» 
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or fi'ii-i-ij'i, and so far its the writer has l>eeii ablo to learn are the largest 
that have been observed in either the uiumal or vegetable kingdoms. 
The cilia are alMo very prominent and numerous, measuring from 40 
to 50 /* in length. When observed under the microscope in a living 
condition the s^wrmatozoids are densely granular and of a yellomsh 
brown color by trau-smitted light. By reflected light under a low 
magniheatioti they are white and opaque. The cilia and the helicoid 
spinil band to which they are attached can be easily seen, while the 
structure of the nucleus and cytoplasm iij so similar that the nucleus 
van not be discerned. 

The motion of the spermatozoids when swimming free in sugar solu- 
tion is in no way different from their motion when in thit pollen tube, 
The general motion is a continuous rotation of the body, always in the 
same direction, around an axis j>assing through the apex of the heli- 
cotd spiral. Viewed from the head end or apex of the spiral the rota- 
tion is in the direction of the hands of a clock and contrary to the turns 
of the spiral band. They i-oU around, first here, then there, resem- 
bling in this respect the motion of Puitfl'iriiKi. After moving alxmt 
rapidly for from five U) fifteen minutes they usually ceaee all progres- 
sive motion, but continue to rotate for a eonsidei-ably longer period. 
The rotary motion also soon ceases, but the cilia continue to vibrate 
foraoonsiderably longer time. The spermatozoida of ^(nt/« also have 
ao amteboid motion, which is particularly noticeable while they are 
inclosed in the pollen tube. The a])ex of the. spiral as a whole fre- 
quently rotates in a most remarkable way. turning in a circle, pushing 
out first this way and then that way with thegreatest freedom of motion, 
OB if selecting a point of exit or ingrojss. In other eases the Inse or the 
side of the spermatozoid body may lie t^jiisiderably extended as a blunt 
point in pushing between two obstacles. The whole lx>dy seems flexi- 
ble and changeable in the hi^heftt degree and is eminently fitted for 
its difficult task of finding and swimming through the narrow passage 
between the neck cells of the archegonia. This amreboid motion is 
highly suggestive in connection with the possible motility of non- 
ciliated sexual cells in sea weeds and seed plants. It seems almost 
certain that the spiral sperm cells that have recently l>een descrilK-d as 
occun'ing in a numlier of seed plants— Zi/iw/H (Nawaschin, Guignard), 
i^j(7/7/rt/'iV/(Nawasebin), Triticum (Goroschankin), Sllphlitm (Merrill), 
etc. — will be found to have such a rotating amwboid motion eien if 
they are not ciliated. The writer is not aware that attention has 
before been called to this mode of motion in iperni cells. 

The vibration of the cilia in vigorous .spei-matozoida i» exceedingly 
rapid and difficult to study. Judging from observation made on cer- 
tain speimatozoids just starting motion and others which had nearly 
exhausted their energy, there would seem to t)e a rhvthmic contraction 
of the cilia which ^)asses quickly from one end of the band to the 
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other. A treniulou.s vibration of the cilia, apparently independent of 
the rhythmic contraction, can l>e observed in the weaker motion of 
extreme youth and age. Whether this Oi»curs in the period of vigor- 
ous rapid motion could not be determined, but there would seem to be 
no reason whv it should. It would seem to be a nervous action con- 
nected with weakness. The motion of the spermatozoid as a whole is 
comparatively slow and sluggish. 

The movement of the living spermatozoids of Ginkgo was observed 
by Hirase, but only in a few instances and was not carefully described. 
Those of Cycds have as yet not been observed in a living condition. 
In September, 1898, Fujii (39) made a somewhat detailed study of 
the living spermatozoids of Ginkgo^ and as his paper is published in 
Japanese and is thus inaccessible to many, an outline of his observa- 
tions will not be out of place here.* As in the case of the writer's 
study of Zamia spermatozoids published in 1897, Fujii used a 10 per 
cent solution of cane sugar in studying the Ginkgo spermatozoids, and 
succeeded in keeping them living for several hours. 

At 11.37 a. in. a 8j>ermatozoid escaped from a pollen tube and moved slowly, but 
with definite rate, for thirty minutes; afterwards it stopped and only moved ita body 
atadefinite plaee. At 1.05 o'clock p. m. cmly a ciliary movement was observed; at 1.30 
p. m. it stopped all motion, aa if dead, but soon afterwards it regained its ciliary move- 
ment, and finally at 2.05 p. m. it cea*»ed all motion. 

The second spermatozoid studied appeared from the iK>llen tube at 4.20 p. m. and 
moved in and out of the field of the microscope for one hour and twenty-five minutes. 
Afterwards, by a careless mistake, the su^r solution dried up and it stopped all 
motion. Besides these two sj^ermatozoide I observed four others, but they lived 
only a short time. One spermatozoid observed by Mr. Yobe lived for three hours. 

Fujii descriy>ed the motion of the spermatozoids in swimming as 
similar to that of infusoria. 

It is a very interesting fact, as observed by Fujii, that the sperma- 
tozoids occasionally cease all motion, as if dead, and after remaining 
in this quiescent condition for a time begin motion again. I have 
observed this many times in ZdinUt. Frequently the sperms swim 
very actively for a time and then cease motion, as if desiring rest, and 
later begin motion again. It would hardh' seem probable that the 
sperm could absorb nourishment from the surrounding media and gain 
energy in this way for further motion, but this may be the case. 

Later, in 1899, in a second paper, Fujii (40) described further obser- 
vations on living spermatozoids and the methods by w^ich they get out 
of the pollen tubes in sugar solutions. An extract from his description 
follows: 

The spermatozoid in the mother cell moves its l)ody gently and turns over in many 
directions by the ciliary movement, assuming various shapes, slightly change<l by the 
simultaneous preasure of the mother cell and the two si>ermat()Z()ids. At the same 
time, and owing to the same pressure, the nuclei also cbanged their form. The 



* Fujii's i)apers were kindly translated for the writer ))y Dr. H. Ikeda. 
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spermatijeoids beinR nuft ami verv lOastii.-, rBt-ovur their aliape after tlic prtasure is 
paiA, Tht^pperinu,[ozoidHiin>nexIi>howiiiDli);iire!t in tlie pnM.'e><sof gettiuguutoi the 
mother cell, after which they Bwim freely iu the pollen tube, from which they gea- 
pislly eijuipc later. In general, there are two modes by whtcii tbey jfet oat of ihe 
pollen tube, vix, (a) irnuhially, (bl suddenly, and this differt^nce depends i-hiefly on 
thedenaity of the surroiiiidiiiii; fluid, (a) Mixle of gradually e«»ping: Figure 4 (thowe 
an exaiople of a sperniatuzoid gradually jtelting cut of ttie tiil«. obeen-ed in Tokyo. 
At 4.1.5 ji. m. (September 17) the head of the aperuiBtozoid niade its appearaiii-e a 
little uut of the pulle-n tute and after five niinuteti it entirely i;ot out of the tube and 
rwuvered ita normal shape. Then it ewaiti with a definite ral« until 6.45 p. m. From 
this observation it can be seen how soft and elastic the body is, This is very aimilar 
lo the escape of the swann spores of (Eguilmnum or the spermatoKoide from its old 
cell wall, because hIso in this eiitte the shape nf the swarm s|Hire or of the spermato- 
(Oid, liefore anit after gettinfc out of the old itU wall, are i[iiile different, like that of 
the epemiatoxoid of fllnkgo. They also have an oval «bape with uunierons dlia. 
(b) Mode of suddenly escaping: Jn this vase the iiiembrune of the mother cell con- 
tuiiiiug tlje two BpenaatonoidB (als"! with IIira«.''» two cytoplasmic cylinder^) is swl- 
denly thrust out of the pollen tube, as shown in figure 5 xix. At first the shape of 
litv sptsmiaCozuid is very irregular liecause of (he surrounding preMUre pruductNl by 
sudden protrusion, but gradually it sepanites from the mother eell and takes the form 
shown in h and ¥ and ceases its motion for a short time. Finally it recovers its 
complete shape, like the fruit of an egRplant, and gently be^dns to swim with a 
definite rate. This fact also shows how soft and elastic it is. In a strict sen»e, how- 
ever, it does nut always recover its foruier shape. For instance, when it was sub- 
jected to great pressure at the time of escaping its shape liei-omes liketliat of a anail, 
and in such a case after getting out it will be killed by the deformatioD. But even 
in tite caae of suddenly eM.'aping, if the prefwure and change in shape is not tiHi great, 
it will swim freely soon att*r escaping. 

Iti the case of Zamla the writer has given considerable Kttetition to 
the method of escape of the speniiatuzoids aud has ohserved the two 
methods descrilied by Fujii. The first method of the gradual creeping 
out of the speniiatozoid has been freiiuenth' observed in pollen tubes 
placed ill sugar solution, but in almost all casus the tuttes twuld be 
observed to have been broken previously, thus allowing the elastic 
spermatozoid to stretch out and creep through without actiuilly pciie- 
trating the niemhiiiiie itself. In \'ery numerous instances the extreme 
difficulty which the unwieldy spermatozoid has in overcoming slight 
obstruction hais been observed: as. for instance, the difficulty of break- 
ing the pla-sma nieinhraiie of the j^illcn tube descrilted ulwve (p. 53). 
Tn Z<iiiii'i, where the colUilosi! wall of the ix>llen tul>e is tjuite thick, the 
writer is inclined U> believy that it would 1)0 impossible fur lliem to 
penetrate the wall in this manner. The second mode of escape by the 
sudden rupture of the ixillen tubes is very commonly observed. At 
the time of maturity the tubes .seem to I>e under great t«tision and a 
slight touch siTvi-s to cause them to burst and dischnrgo their contents 
along with the -spcmiatozoids as dascribed in the writer's second pre- 
liminary paper (12.S. p. 18). This itii'thod of esiaiw in Ziin'r'n woukl 
seeiu unquestionably to be the one normally occurring in tho process 
of fecuudatioii, as described hereafter. 
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Wlik-U end of the iipttrmatozoid ts to be coni^idered the anUiriur ctid 
and which the po^t^rior in not sui »Msy question tu determine in Zami'a, 
if ttitali^y with otber fornix i» diHregai-ded. In ihn pollen tu)te and in 
BUgar liolutionti they niuvv bulh liackward and fomurd, and in their 
rollinjf, tmubling motion it i« hard to rt-cognize any system. However, 
theru aro jtevunil fiictow which enalde an to determine that the apex 
of the npiral must t>e considerod uh the head end: (i)'The two sper- 
uiatozoi<L aii developed an- atta^-ht-d by the sidt- opposite the apex of 
the spiral, and in their sL-piiration thu dlia movement always exercises 
a very percuptiiile pulling force outwai-d toward the apex of the 
spiral, which frradually resultj* in tlic 8e|]anitioii of the sjtemiaUHCoids 
(figs. 47a to 47d). (2) In general, the selet-tive end of the "pernrntozoid 
in free motion is the fipiral end. (3) In slowly creeping out of broken 
pollen tu)>es, as de^^eribed above, the spiral end usually preeedes, but 
this is not always the case. (4) As observed over the neck cells of 
the archegonia, apparently in the process of attempting to enter, the 
spiral end has always lieen down toward tlie very small opening. (5) 
In entering the cytoplasm of the egg cell the apex of the spb-al 'is 
always in the lead, as shown by very numerous instances (tig. 56). 

The last two factors are of the greatest ini]X)rtance, and clearly show 
that the Hpiral end must bo considered the anterior end. This, of 
coui'se, is what would t>e exjjected from a comparison with the sppi- 
matoKoids of ferns and mosses, but it in an interesting distinction from 
the animal spermatozoan where the motile organ forms the tail or 
posterior end. 

In his preliminary paper announcing the discovery of spermatozoids 
in Ginlyo, Hirase (Gl) described the presence of a prolongation of the 
posterior end of the spennatoziiid into a tail, an organ not present ia 
other plant sperniatozoids, so far as known. In the writer's prelimi- 
nary i>aper in 18H7. on the spermatozoid of Z<imi<i (13.3, p. 20), it was 
stated that ■"there is no free tail in Zamia, as is said by Hirase to 
occur in Ginkgo.^'' In his complete monograph in 1898, Hii-ase (63. p. 
123) again describes and figures the spermatozoid with a sbai-p-pointed 
tail sJS;i long. He says that since one never discovers the tail in the 
hemispherical spermatozoids at rest in the pcdlen tube, it seems rational 
to conclude that they are formed almost at the moment of the escape 
from the tube end at the expense of a certain portion of the cytoplasm. 
Ikeno (70, p. 579) was not able to study the living spermatozoids 
of Cycm, but concluded from a study of fixed material that the sper- 
matozoids of Cyciut corresponded U} those of (rlnkgo in the pn>aence of a 
tail. He wrote, "auehist ein spitziger Schwanz vorbandcn. welchcr 
welter nichts ist als die Verlangerung dca hintereu Endes dee cyto- 
plasmatischen Mantels." 

The writer's conclusion in regard to the absence of a tail in the 
spermatozoids of Ziimlu were based on a study of hundreds of sper- 
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tnatozoidti while swiinining free in sugiir solution, as wpil as on it study 
of prepared material, while apparently only two living sperinatozoids 
hud been observed 6f liinkg" and none in the ease of Ct/aiM. This 
eonstituted one of the fundamental points of difference !>etween the 
writer's conclusions and those of Hirase and Ikeno, which would seem 
to indicate a closer relationship of fycos to Ginkgo than to Zamia, 
Fortunately this difference has been explained by Fujii (39), who 
undertook a study of the living aponiiatozoid»> of Ginkgo particularly 
to settle this point of difference. Fujii, as described above, studied a 
number of living s{>ermatozoidfi, and had an excellent op]X)rtunity to 
settle this point of difference. He t-oncludes as follows: 

Hence, with my oltseirations, I ehall infer that the sperm utoraiid of Ginkgo itae no 
tail. Here I will only p^int out that, as everyone knows, Mr. lijraev ili'l not draw 
a faliv ligiire different from what he ohnnerved, and I remember that bis llgiire \e the 
Mme as one which I nawinhle preparation (which was afl«rwardsu»[ortuDat«1.v dam- 
aged during a journey). Therefore, I think that (1) tlie Bpennaiowiid in Hinise's 
preparation was an al>nnnnal one; (2) when tho apermalozoid was getting out of 
the pollen lube poaailjly a, broken part of another cell adhered to it, and lie looked 
upon this B» a. tail; (!t) he may have taken a part c)f the body of the Hpennatoxoid 
brolien by preanure with the cover fslawi to be a tail. 

In a later paper on the same subject, Fujii (40) statej^ that deformed 
spermatozoids having api>endage8 similar to that described by Hirase 
are luite frequently observed, being caused by pressure in escaping 
from the pollen tube, etc. This cjin oft«n be observed in tho sperma- 
tozoids in the archegonia at the time of fecundation or later. He says: 

In tliis vars we can obsen'e the various shapes of deformed spermalozoids, and some 
of them seem to have a tailor nipple or asmall lump at one end of the body; * * " 
hence, it is not a matter of surprise if Mr. Ikeno nketched a figure of a lapermatoEoid 
at the opening of the oviHH<' as having a tail-like appendage, and last Otrtotwr I 
afHntted, with the preimration maile by Mr. Ilceno, that a part of the mantle of this 
epemiatozoid changed and l(K>ked something like a tail. 

Since the publieiition of his preliminary statement that no such tail 
was found in the spermatozoid of Zamia (123), the writer has care- 
fully reinveiitigated this question, using again both living and prepared 
material. All the evidence which has been accumulated strengthens 
his former conclusion, und he is certain that no tail is present in the 
spermatozoid of Znmi'i under normal conditions. As explained al)ove, 
however, the body of the spermatozoid is highly elastic and has a more 
or leas pronomiccd amcelwid movement when swimming in a confined 
location like the interior of thp [Hilien tube. It is easy to see that the 
instantaneous killing of the spermatozoid. when a portion of the body 
was extended, from pressure or otherwise, might result in obtaining 
preparations showing tail-like protrusions. Such deformities are 
rarely met with, however, in Zamiu, being evidently of mnch rarer 
occurrence than in Ginkgo. Ikcno's evidence supporting the occur- 
rence of a tail in Cyoas is evidently l>ased on a few instances of the 
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appearance oi .■*ome Miich an 
tozoid aftoT- it ba* ciiton-d the nrfhi'goniuiii. In passitifi through the 
very narrow pntrancc canal between the neck cells, the fpermatozoids 
have use for all possihle clawtk-ity, as they must from nwessify stretch 
out into a very long, slender fonii in making the piu^sage. The a<*t <if 
pas^mge has not l>een observed in Zamia, but the spermatozoids hav 
been observed in many cases just after the passage. Iii one or f 
instances iimteriul has been found adhering to them which might hai 
been interpreted as a tail had no other sperinatozoids Iteen ohsen' 
The adhering siiKstances in these cases seemed to be from the granular^ 
inucilaf^noua matter in which the spermatozoids swim. Usually the 
sppntiatoziiids found in the archegonia huve asMumed their normal 
f(»nii and show no suggestion of the extreme pressure they must have 
endured in the pi-oceas of entering. 

In conjunction with Mr. E. A. Bossey' the writer has made some 
interesting observations on the living pollen tubes of GInJcgo mounted 
in in and 5 per cent sugar sotntions. The whole pollen tube apparatus 
is clearer and much more favorable for observation in the unstained 
condition timn that of Zauila. In very many tubes the main features 
of the central eell could be plainly observed. The nucleus cor)}^ 
ttphi;r!'iu^/t and the blopbaroplasts were plainly visible when tubes were 
cut off and placed in sugar solutions without injury. The nucleolus 
could almost invariably be observed to contain at least one targe 
vacuole, and very frequently a number of smaller ones could be 
observed. In one instance a nucleus was observed in a prophase of 
division when the chromatin had collected in a skein. This was an 
absolutely fresh tube and could not l>e mistaken, being as plain as in 
the fixed and stained material. The nucleoplasm outside of the skein, 
which was composed of large granules and presented a dense appear- 
ance, was clear and finely granular, the only difference between the 
skein and other nucleoplasm seeming to t)e the larger size of the gran- 
ules in the skein and their greater density, fn quit<? a number of cases 
the blepharopla-st coidd be plainly distinguished, and in one instance 
shown to the writer by Mr. Bessey the contents could be seen to be 
vacuolated or reticular almost as plainly as in the fixed and stained 
material. There can thus be no doubt that the main features brought 
out by fixing and staining in Ginkgo and Zauiia are perfectly normal 
and not artifacts. The study of the living material of Ginkgo, which 
should be carried much farther, promises much valuable information, 
particularly in confirming the results obtained by fixing and stHining. 

Personally the writer has made no attempt to secure the living and 

'Theaii ohsorvatioiia on tbe living material of Ginkgo were made on niQl^rial col- 
lefled by Mr. E. A. Beaaey, one of the writer'H collei^es. He also maile many 
intereeting observatioiu, a ehort account oi which will be found in Beience, Febmaiy, 
1901. 
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Vtag spermatozoids of irinkyt,. but he has fortunately been ithle to 
oboeire and studj some of those obtiiiiipd by Mr. Bes-sey. and can con- 
firm the luuiri features of the movement as described by him. The 
tail-like appendage which wa* described by Hiiuse certainly does not 
exidt in thp mirmal ^^permatozoids, and in the Hpei-imens olwervpd by 
Hinwf waf- doubtlews due to compi-ession in escaping from thn pollen 
tube or some sinuliir cause, as suggested by Fujii, The shape of the 
spermatozoids which ba\-e been observed by Mr. Bessey aiid the writer 
con-esponds well with those figured by Hirase and Fujii. The move- 
ments of the 8])erniato!ioid8 of Ohikgo are almost exactly tlie same as 
those ol>ser\ed by the writer in Za-mla. The amwitoid movement of 
the apex of the spiral is very noticeable in Ginkfjfi also, and the ryth- 
mic motion of the cilia, similar to that occurring in Zrwiin, has been 
observed by Mr. Be.ssey. 

A very interesting obiseiTation, first made by Mr. Bessey and also 
studiei.1 by the writer, is the rythmic ('ibratiou of n portion of the 
membrane at the base of the spermatozoid corresponding with the 
Tibmtion of the cilia. The spot is apparently just over the '' corj^i 
tijj/ie'ri'/"' ." iiiiil may have some i-elation to that body. 

PROCESS OF FECUNDATION. 

While the spt?rma toxoids have l>een maturing, the proximal ends of 
the pollen tubes, as descril>ed above, have been growing down through 
the tissue of the nucellus into the archegonial chamber above the arch- 
egonia. \\'hen all of the organs are developed ready ftir fecundation 
the pollen tulies hang down so that the ends almost or quite touch the 
neck cells uf the archegoniii, which protudo into the same cavity. It 
is interesting to note that the pollen tul>e» when they enter the arche- 
gonial cbamljcr {endosperm or prothallial cavity), which seems to be 
filled simply with moLst air, do not grow at random, but bend slightly 
outward and grow directly toward the neck cells of the archegonia. 
Frequently several were observed to grow toward the same archego- 
oinm. These observations can be made on living material by carefully 
cutting into the archegonial chamber at one side, without injuring the 
tubes, and observing them with a hand lens. The end of the tube is 
occupied by the spermatozoids and the vegetative cells of the male 
prothallus. It is probable that the .siwrmatozoids normally liegin 
swimming in the tubes before the latter burst, as they have several 
timet!' been observed swimming in the unbroken tulws. The end of 
the pollen tnl>e is wider than the upper portion and is evidently under 
considerable ten.^ion. The protruding tip formed by the old pollen 
gnin (tigs. 4T and 51) i» plainly visible with a hand lens, and is evi- 
dently the point which first comes in contact with the neck cells of the 
archegonium. The neck cells are also distended and turgid and are 
evidently easily broken. If in this distended eonditiuu the end of 
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the pollen tul)e l>e touched very lightly with the flat side of a scalpel 
it ])urst8, and the spermatozoids, together with a drop of the watery 
<*ontents of the pollen tuV>e, are quickly forced out and the pollen tube 
immediately shrivels up into a shapeless mass. This the writer thinks 
is what happens in the normal course of fecundation. The |x>llen 
tube evidently grows down until the end is forced against the neck 
cells, Avhen the tube bursts, discharging the mature spermatozoids and 
the watery contents of the tube, which supplies a drop of fluid in which 
the spermatozoids can swim. Some dou])t exists as to whether the 
pollen tube supplies all of the fluid in the archegonial chamber at the 
time of fecundation or whether some of it is extruded by the egg cell. 
Hirase (62, p. 122) described the occurrence of a sap filling the 
archegonial (chamber at the time of fecundation, and considered that 
it was very probably a product of the female organ. No evidence is 
given, however, to show that this is the case. Ikeno (70, p. 583) also 
thinks that the fluid is largely a product of the female organ. He 
says: 

1 liave often met with caMeH in Ci/ras in which fluid was alreariy present, in spite of the 
fact that all |><>llen tulH»a wert» yet entirely intact; ho that we are led to the conclusion 
that at l(»ast a part of this fluid — j)roV)ably the larger i>art — prcx*eed8 from the female 
orj^anJ 

Tf Ikeno was not mistaken in his observation, he is certainly correct 
in claiming that the female organ furnishes part of the fluid. In 
Zartu.a^ however, the Avriter has frequently observed that the numer- 
ous polhm tu])es are in various stiiges of development. One tube may 
have the spermatozoids swimming about in it, Avhile in an adjoining 
tube the centnil coll has not yet completed its division. When a tube 
has ])urst and dicharged its spernmtozoids it shrivels into an unrecogniz- 
able, small, and almost indiscernible mass. Tub(»s in an advanced stage 
may burst and leave a liciuid in the archegonial chamber, while other 
tubes remain entire. In Znmia a portion of the fluid is certainly fur- 
nished by the pollen tube. AVhether any of it is furnished by the 
female appamtus the writer has l)een unabh* to positively determine. 
It may be so, ])ut the neck cells remain turgid and fresh up to the very 
time of fecundation, and no indication of the beginning of the exuda- 
tion of a fluid has been observed, though it would seem that an abun- 
dant opjK)rtunity has been furnished foi' observing such an exudation 
if it o<'curs. 

The writer has several times observed the spermatozoids after they 
were discharged over the archegonia, but studying them in this posi- 
tion is unsatisf actor V and diflicult. Thev have been observed to swim 



* Ich habe bei O/crw oft Fiille anpetroffen, in dencn cine Menge Saft pchon in der 
Endospemihohle vorhanden war, wenn auch alle Pollenwhliiuche noch ganz intact 
waren, so dass wir zu der Annahme jrefiihrt wenlen, dass wcnigstenn ein Theil dieses 
Saftee — wahrscheinlich der griwste Theil — aus dem weihlichen Onrane herstammt 
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to the nook cells and stop ovi-i- these and foiitijiiic toycmlually ivvulve 
around niid around. Kpimrently in the proeeas of erowdinjr into thu egg 
cell. In fecundution the entire spermatozoid uuL-hanged swiuiK into 
the egg celt, jHi^sin^' between the ruptured neok cells. The entninee 
tuW is very narrow lompared with the size of the spermatizoid, and 
the latter must Im? greatly stretched out in atwompHshing the ]«i8.sage. 
It is certniii that they pass through into the epg i-ell entira, as they 
have in many instanees liecn found in the. egg t'i>ll having their normiil 
shape. Several speniiatozoids eonniionly enter each egg cell, two and 
three having l)e«>n found in very many instances. Only one of these 
taketi part in fecundation, and the others may lie found presenting a 
perfeelij- normal appcaranee or in some stage of disintegration. Those 
not coueerncd in fecundation may usually Ik* found in the up|>er jiart of 
the egg cell between the wall and the cytoplasm, which is slightly con- 
tracted away from the wall in the majority of the writer's prepamtion^. 
In some instances they seem to have crowded against the cytoplasm 
of the egg and caused a noticeable indentation (figs. 55 and 70). Occa- 
sionally one of the spermatozoids not concerned in fet^^undation pushes 
for a ehort distance into the contents of the egg cell, but such sperina- 
tozoids do not mingle with the protoplasm of the egg cell, as they 
are always found in such cases to form distinct bodies, which stain 
very differently and remain intact until long after fecundation has 
taken iilai'e. The spciniatozoid which reaches the egg cell first would 
see.oi to lie the one which causes fecuiidntiun. That one which is 
utilized in fecundation swims into the cytoplasm of the egg c^ll for a 
short distance, where it eonies to rest and undergoes i^hange. The 
nucleus slips out of its cytoplasmic sheath and passes on alone fi-om 
this point to the egg nucleus, with which it unites. The spiral eilifer- 
ousband. which forms such an interesting part of the sporniHtostoid, 
remains at the apex of the egg cell iu the place where the nucleus left 
it. In very numerous instances just after fecundation it has lK>cn dis- 
covered in this position, and there can be no doubt that this process is 
the one normally occurring. It shows very plainly niid pitsents nearly 
the original form of the spermatozoid, butisalwaysstretchedoutmuch 
more than in the normal spermatozoid. The band lies free in the 
cytiiplasm of the egg cell, and the sections of the spiral, with the num- 
erous cilia mdiating from them, are frequently very distinct and can 
i»e easily photographed (fig. 69). 

The method of the escape of the nucleus from the body of the sper- 
Hiatoiioid can only lie conjectured. It would seem, however, that the 
rapid boring of the apical or spiral end into the egg eel! may cause too 
great a pressure on the large body of the spermatozoid, resulting in 
its bui'sting and freeing the nucleus, while the cilia motion continues 
probably some time longer, carrying the hand farther along and freeing 
the nucleus from any hiiidmiice by it. The apex or spiral end of the 
652t>— No. 3—01 5 
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spi'nufttozoid invariaWy enters the egg cell tirst, and in all of ihc casdi^ 
ob-<crvp<l where the nucleus has just escaped from the Nperiiiwtozoid it 
haw l>oen found a short distanrp behind the spiral of the speniiatozoid, 
as if it had been forced out and left l^ehind (lig. 54). The function of 
the eyloplasm of the ^pertrmtozoid is still in considemble doubt, but 
that it fuses with the cytoplitsm of the agg cell is certain. Shortly 
after the nucleus has broken out of the s{>ermat^]zoid cell the thin 
layer of denw^ cytoplasm which surrounded it can lie seen in a broken, 
fragnieutnry foi-m. still somewhat connected with the spiral band 
(Hg. .57). The cytuplasm of the spernlatozoid in this rttage is very 
different from that of the egg cell, being more densely gmiiular and 
staining more deeply, so that it is easily distinguished. Lat^r only a 
rather coarse granular suljstauce is found inside of the spiral coil of 
the ciliferous t>and, and it would seem that this is the ej'toplasmic 
mutter from the .-ipermatozoid which has mingled with that of the egg 
cell. It should be mentioned that the plasma membrauo surrounding 
the spermatozoid has entirely disappeared, no trace of it being visible. 
It would seem U) liave fused with some substance of the egg cell or to 
have !m.'cii «bs()rbed in some way. 

No case of i)olys|>ormy has been obseired in the specimens examined. 
In no insttLnce ha-s more than one empty spiml been found in the same 
egg cell. Where an empty spii'al was found it could l>e predicted that 
the egg nucleus would be found to have been fecundated; and, vice 
versa, when a fecundated egg nucleus was found it could be predicted 
that an empty spiral ciliferous t»and would be found at the ajiex of the 
cell. No exception to this rule was obseiTed in the very large number 
of specimens examined. 

The male nucleus, when it has escaped from the spcrniatozoid and 
is observed lying in the cytoplasm at the apex of the egg cell, is of 
loose, open structure, seeming to have but little ki noiila-sniic and 
chi-umatin matter. The passage to the nucleus is evidently a mpid 
one, as few stages have been found between the aliovc and the comple- 
tion of fecundation. In some instances the path over which the nucleus 
traveled in reaching the egg cell is discernible by the arrangement of 
the granules in the cytoplasm, showing the direction of the passage 
(figs. 55 and hd). 

The egg nucleus previous to fecundation is elliptical and is lomted 
slightly below the center of the enormous egg cell, which is alxmt 
3 mm. long by i.5 mm. wide. The egg nucleus is of enormous size, 
comiMii-atively. being plainly visible to the unaided eye. It is coni- 
ptJsed of an open, coai-»e reticulum (fig. 5+). So far as tlie writer has 
observed, there is no depression or •■empfftngnisshrthle" in the upper 
part of the nucleus where the siierm nucleus enters, aa was found by 
Ikeno in C'l/cait (70, p. 58.^). No special attention has l»een given to 
this matter, however, and further oljservation may show it to lie pres- 
ent. The male nucleus in entering the egg nucleus gradually piu 
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into it, as observed hy Ikeiio in f'ycav, and finally becomes entirely 
surrounded by it. Meauwhile it has i-hangod its structure and liecome 
densely granular, differing nmrkedly from the egg nuoleus in tbia 
partieulur. Considerable search has been made for indications of 
extrusions of matter from the sperm or egg nucleus at the time of 
fecundation, sucb as has been dofH-ribed by Ikeno in f/yt-na (70. p. 387). 
No indications of such extrusions have been found, however. After 
fecundation is appai'ently completed, the male nucleus appears as a 
small, nearly round body in the upper portion of the egg nncleus into 
which it has penetrated. The further changes in the male and female 
nuclei Iwfori! they undergo division have not lieen followed. 

The isolated ciliferous band lying free in the protopla-sni at the apex 
of the egg cell evidently retains itw identity for a considerable time. 
It has iK'en observed in several instances after the formation of many 
free nuclei by the repeated di^'isiou!; of the oosphere. Frequently the 
spindles of some of these free nuclei in division have been observed 
l>etween its spirals. The band ultunately disappears, its substances 
probably lieing consumed by the foi'ming embryo. The primarj- func- 
tion of the ciliferous band thus certainly ends with the transporting of 
the male germ cell from the pollen tube to the egg cell, as was tirst 
shown by the writer in Otlober. 18H7 (12-i). The same process of 
fecundation was later described by Ikenut as occurring in Ct/ciin (69). 
The exct'ptional size of the spermatozoids and egg cell in Zutnia per- 
niito> these features to be seen very plainly. While in the majority of 
plants in which the entnince of the spermatozoids has been studied, 
they arc so small tliat thus far the fate of the cilia and cytoplasm, 
which are not generally supjwsed to be concerned in fecundation, 
has not been deteiTuined with very great certainty. In J^iicuv Sti-as- 
burger (111, p. 363) has concluded, judging mainly from comparative 
size, that shortly after the entrance of the sperniatozoi<l its cyUtplasm 
unites with that of the egg cell and only the nucleus continues Its 
passage and unites with the egg nucleus. Shaw's studies of the 
fertilization of On/whfi (lil3) indicate that in foundation the cyto- 
plasm and cilia- bearing band remain in the cyt«jpla«m of the egg cell, 
but this was unfortunately not definitely determined. It is interest- 
ing to note further in this tonnection that the spfrmatozoid nucleus in 
fMoclea unites with the egg nucleus without any change of form. 
Thorn's study of the process of fertilization in Aymiium and Adiau- 
tniii (115) is also very interesting iu this connection. It would seem 
from Thorn's investigations that commonly the entire spermatozoid 
enters tbe egg nucleus, although this is not made plain, as it is stated 
that "thp cytoplasmic forward end contains, or is partially derived 
ivom, the so-called blepharoplast, and bears numerous long cilia. This 
part eitlier becomes disconnected entirely before the spermatozoid 
reache.s the egg. or, becoming functionless. is turned Irackward and 
dragged passively along into tlie cytoplasm of the e?g," 
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This would sot'in to confirm the writer's stiit«iiK>nt thiit the blephar- 
oplast is an organ devokipud primarily for tbe traiis|)ortatioii of the; 
ouile iiui'leiis, Imt the diMci-epiim'y twtwpan the question of fusion of i 
cell parts is very noticeable. \n Zainia and Ct/crm thf entire aperma- 
tozoid invariably enters the egg coll and the eytoplasm and citiforouS' 
band (blopharoplaMt) fuse with the eytoplafiu of the egg, while the 
nucleus journeys on to the egg nucleus, with which it fuses. A num- 
ber of investigators, the writer has noticed, seem to wmeludc that 
hei'uuse the nucleus of the sperm atozoid travels on alone and fuses with 
the egg nucleus the nucleus alone is concerned in fecundation. It may 
be that the nucleaa i« the sole bearer of hei-editarj' tendencies and that 
this is the important part of fecundation. The fact remains, however, 
that in Zmnin and Cyrim and those cases of fecundation that are beat 
known there is a fusion of cells, nucleus with nucleus and cytoplasroi 
with cytoplasm, as would t»e naturally expected. We could hardly' 
expect the entire spermatozoid inicleus and cyt*)plasm to fuse with the 
pgg nucleus. It would seem a.s though the cytoplasmic envelope fig- 
ured by Thoiu. as left by the spcniiatozoid in the cytoplasm of the 
egg ccllafterthe nucleus has escaped, must contain thocilifcrous l)and, 
if. indeed, it is not made up almost entirely of the baud. From analogy 
with ZhiiiIh and Cyrii" this would immediatelj- Iw supposed to b 
ciliferous band of the spermatozoid, the nucleus having united with the 
egg nucleus and the cytoplasm with the egg cytoplasm. 

In the Gymnospenns, according to Blackman, Murrill, and others, 
it is an entire cell that takes part in the fecundation, but no blepharo- 
plaat is here present. Dixon {a") was the first to observe in Pimtt 
sylve»tri« that all four nuclei from the pollen tube — the two generativ-a 
nuclei, the pollen tube nucleus, and the nucleus of the stalk coll — 
passed over into the egg cell in fecundation. Blackman (It!) contirmed 
this conclusion in his study of Pimif nylrv^itri'', and further stated that 
"it can not l>e doubted that cytoplasm also passes over into the 
oosphei-e, for each generative nucleus in the pollen tube is clearly 
surrounded by its own layer of cytoplasm, va can be observed in the 
stage when the tube is clearly in contact with the oosphere." Murrill, 
in his study of Tmipc c<inu(h-7i«i« (91). claims that the contents of the 
pollen tul>e "cast into the egg consists of two sperm cells, the stalk 
cell, the vegetative nucleus, and some protoplasm and starch from 
the tube cavity." The sperm cells are described as having dense 
cytoplasmic contents and large nucleus. The process of fecundation 
described by Murrill compares exactly with what the wi-it«r had pre- 
viously described in Zniniu (124) and what Ikeno found in iSfcai] 
(70). Murrill says: 

It iri through the QrHt epenn uucleus that fertilization la nccomplished. 
time after its entrani* into the egg it slips from its c^ll and tnovee \ 
velocity towAnl the egg nucleua, the latter rumaining atationary and 
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In the east-* of thu sppniiatophytes ab-o some, recent inri^sti^tors 
arc I'hiiining that the male geiiiiH which pass over into the egg cell 
are true culls and not simply nuclei. The discovery of the Hjxtrmato- 
zoids of Giiikf/Of Ci/cas, and Zinnia, and the demonstration of the 
action of these enormous spemmtozoids in fecundation, has had much 
to do in clearing up our ideas of fecundation, tui it was in Znmlu and 
Ct/iiix, where for the first time it was positively shown in plants 
that un entire male cell entered the egg and the cytoplasm fused with 
the cytoplasm of the egg cell, while the nucleus traveled on and fused 
with the egg nucleus. 

At the time of fecundation in Zamia, before the formation of the 
primary spindle has Iwgun, so far as can be told, a very pticuliar con- 
dittou of the cy t<jplasm is olwcrved throughout the enormous egg cell. 
The entire kinopliism of the cell seems to collect in little comet-like 
figures here and there throughout the coll, presenting a most remark- 
able appearance (tig. GVi). This condition is obser^'cd in sections stained 
by Iwth the Flemming and the Haidenhein methods, Sections showing 
this [xilarized condition of the kinoplasm were exhibited at the meet^ 
ing of the Biitish Association for the Advancement of Science, at 
Toronto, Canada, in 189T, and excited interesting coouiients. The 
kinoptasmic rays hei-e seem to run together at one point, but there 
is no differentiated IJody occupying this point upon which they are 
f<LH;uscd. There seems to he no regular dire(;tion in which the roya 
extend. They are here and thei-e and all over, throughout the egg 
cell, without any regularity. They can not come from the broken- 
down ciliferous membrane, as it still remains perfectly intact at the 
apex of the egg cell. They can not be fragments of the spindlo 
resulting fi-om the division of the canal cell, for they are never 
observed previous to fecundation. Chamberlain (21, p. a"7, figs. 8 
and 32) illustrates cytoplasmic comet-like figures in the egg cell of 
I'lni'i' hir'vii much like those which the writer has found in Zainia, 
bul he thiiiks them to l>e broken-up portions of the spindle formed in 
the tutting oil' of the ventral canal cell. This the writer thinks is cer- 
tainly not their origin in Zttmi'n. Their function also remains in 
doubt, but it would seem pi-olmble that they have some important 
function in the formation of the first scgmentjition spindle. 

DIVISION OF THE FEOUNDATEB EGG CELL. 
In establishing the complete history lUifl iiiiturc of the l.lcphnroplast 
it is of special interest to dclennine whether it has any imfjortant 
function in the division of the feciindiited egg cell. If it is a centro- 
some, as claimed by some writers, does it function as a. centrosome in 
the segmentation of the eggf It seems to have been established that 
in many animals the spermatozoid brings in the centrosome which 
forms the amphiaster for the first division, but this has not yet been 
Droved in the case of any plant. That the blepharoplast or the cilia- 
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f ormingr iirgaii enters the egg and remains in the cytoplasm in Znmia 
and (.'i/ciiji is certain ami not o)i('n lo any rjuestion. 

The writer linw endeavored liy diligent search to observe the forma- 
tion of the first sogiuentatlon spindle, but thus far has been iinahle to 
succeed. However, he has been able to observe the spindle in the 
swond division which leads to the formation of four daughter nuclei. 
Here the spindle ia of normal form, but I'ather drawn out at the poles. 
No differentiated body can be observed at the poles of the spindle which 
could be considered a centrosome. In the later divisions also very many 
dividing nuclei in various stages have been carefully studied, but with- 
out success. In no case of dividing nuclei in the early cleavage divi- 
sions before the seed matures has any centrosome been observed. This 
stateEuent corresponds entirely with the writer's earlier conclusions 
reached in IStli (124). In the case of Glid-gn and t'yca^ also, accord- 
ing to the researches of Hirase and Ikeno. no centrosomea or cenlro- 
spheres could he found in the early divisions of the egg nucleus. 

Aside from this very conclusive evidence that the blepharnplast 
brought in by the spermatozoid does not form a centrosome whkh 
takes part in the formation of the first segmentation spindle, the con- 
clusion is indubitably established furthermore by the fact that the 
ciiiferous band remains intact at the apex of the egg »*11 for some time 
following the division of the egg nucleus. It has been observed 
unbroken after at least five or six divisions when the daughter nuclei 
had become spread here and there in the egg cell. In several 
instances nuclei resulting from the division of the egg nucleus have 
been found occupying a position between the spirals of the ciliferoua 
band. This was very puzzling when first discovered before the 
development was understood. 

The division of the egg nucleus results in a decided i-eduction in the 
size of the nuclei until they are reduced from the tremendous size of 
the egg nucleus, which is visible to the unaided eye, to rather .small 
nuclei not alwve an ordinary size. The first two or three divisions 
take place while the nuclei remain grouped together in the center of 
the egg cell in the position of the original egg nucleus; after this the 
nuclei Ijecome gi-adually scattered throughout the egg cell and finally, 
in the first stage of the organization of the embryo, form a layer of 
cells around the periphery of the egg cell. The history of the forma- 
tion and development of the embryo, however, has no place in (he 
present memoir. The writer will discu.ss this matter at some future 
time in another place. ^H 

IS THS BLEFHAROPLAST A CENTKOSOMB P ^| 

The feature of most interest in this investigation is the question J, 
regarding the true nature of the blephai'opla^ts or cilia-forming organs 
of the siwrmatids. When these organs were first observed in Glnl 
by lllmse in IS!i-l (.",7> he referred to them as attnntive sjrfion 
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would naturally Ite done by anyone unfamiliar with their complete 
history. The next i-efei-ence to them in literature oircurs in the writflr'g 
first jireUininary paper published in June, 1897 (12i!), in which their 
centrosorap nature is questioned. In the writer's third preliniinury 
paper, which ap[>pared in Octol)er, 1897 (liJi). it was shown for the 
first time that the bodies in question originate rft; u"vo in the cyto- 
pliLMii of thi! central cell, apparently Laving no importunt functions 
in the formation of the spindle, when this cfll divides to form the sper- 
matids, and after it has served its function in foraiing the cilia of the 
spermatozoid it disintegrates at the apex of the egg c^ll, ajtparently 
having no further function. For those reasons it was concluded that 
the organs were not controsouies proper, and they were termed Wt?- 
pftoriipfaKti, be«iuse of their special function as eilia-foniiers. This 
imuiediately led to controversy, and the question is still unsettled, 
Early in 1898 Ikcno (69, p. 17) stated unreservedly that the ceutro- 
soQie-like body in Cycads and Ginh/c is a true centrosome. He said: 

If wt^ Bpply this i^oDclusion of Hermtinn to our case, then It Is quite clear that 
the body in quertion, whicii porresponds to tlie middle piece in eervinf- iiM the cilia- 
bearing thread, is ncit only similar exteriorly to a centrosome, but is a tnie eeJitro- 
eouie, und that the cilia-bearing thread is to be regsnied as an enormously enlarged 
centrosrime.' 

This opinion is further emphasized hy Ikeno in his complete mono- 
graph ou the fecundation of Cycan recolnta (70). Hiraae, in his study 
of Ghikyo and the attrm^^^tive spheres formed in the spemiatogenous 
cells, also concludes that they are to be considered as centrosomeM, 
though, a-s sihown hy his figure IS (61, pi. 8), they remain distinct from 
the spindle, the radiations umund the sphere not connecting with the 
nidiatiouH around the pole of the spindle in the center of which a 
centrosome should be. located, if present. Hirase says, furthermore; 

The Hltractive sphereB which we have juat dwicribeil arc difiert'iit Iroin Ihosp made 
knowu by many scicutieta heretofore. In the firal place, They differ in that they are 
Altrajii at H certain distance from the polesof the spindle, and in the second place that 
in the ixiurse of karyolcinesia they do nut divide into two daughter npberes.' 

(iuignard also takes the same ground, considering the writer's 
researches ort Zamiit as proof of the existence of ceiitrosomejj in seed 
plants. He says: 

Even tliouKb all eariier obeervatious upon the presence of attractive iiplierc« and 
oentroeomes in diflerent Cormopbytes toay be r^arded as inexact, one can not doubt 
that the boiliw recently described and figured by Webber in the pollen cells of 
Zamhi • • • arecentrosomes(4H, p. Itil). 

' t'eticrtri^t man ilietie Ilennant)i»cbe Folgeruug auf unseren Fall, so ist ea uhne 
Wcitere^ klar, dosH der in Kt^l(< titebende Kurper, nelcher sich xum Mittelstuck 
ents]>recbenden cilientrai^nden 1^'atlen ausdebnt, nicht nur ausserlich einein Centro- 
sotn iilinlii'li, miiidem ■'in u'iilin-4 (Vntruoni ist, und dass der cilientragende Faden 
Kid tin cnoriii liemnj.'ewrtili.-.i'ii' - (entrosom an deuten ist. 

I '™'i«.tr»ctivei|iii' Jiiii<^ viTioneded^riresontdiKrenteidecelleBaignalfee 
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Balajeff also, in his recent researches on Marailui^ concludes that the 
blepharoplast must, from its position and relation to the achromatic 
spindle, Iw considered a centrosome. He 8a3-s: 

In this manner the stainable corpuscles possess all the peculiarities characteristic of 
the centrosomes, not only as a result of their position at the poles of the spindle, 
but also through their relation to the achromatic threads.* 

Practically the same conclusion in regard to the homologies of the 
blepharoplast is reached also by Chamberlain, who states it thus: 

It Keoiiis probable that a thorough investigation of karyokinesis and the formation 
of cilia in the lower plants may support the theory that the blepharoplast is a cen- 
troHome (20, p. 434). 

E. B. Wilson also regards the blepharoplast as the homologue of a 
centrosome or centrosphere. He says: 

The later studies of Shaw (102) and Belajeff (14, p. 199) on the blepharoplasts in 
Onodea and ^f^^rsiUa leave no doubt that these bodies are to be identified with centro- 
eomes (130, p. 175). 

Th(^ writer in his studies has not been blind to the fact that the 
bodies in question resembled the centrosomes or centrospheres which 
have been described by some authors, both in external appearance and 
function. Our idea of the centrosome as a permanent md (/f^erl^a 
orj^an of the cell, having as its prime function the governing and con- 
trolling of cell division, has become so modified in the last few years 
that it is hardly possible to define what constitutes a centrosome. It 
seemed to the writer that it was high time that organs resem})ling a 
centrosome which could be proven to have very definite and distinct 
functions from the centrosome as ordinarilv understood should be 
given distinct names, whether or not they can ultimately be traced 
back and found to be homologous organs. We do not call the sup- 
porting tendril of the Virginia creeper a leaf, nor the leaf a tendril, 
yet they are clearly homologous organs. It was from this stand|x>int 
that the writer was willing to brave the odium of intrcnlucing another 
new term to our already cr6wded vocabulary. The blepharoplsist, it 
is true, may ultimately be proved to be the homologue of a (•entrosome, 
and the writer forcibly called attention to this possibility at the Ithaca 
meeting of the American Society for Plant Morphology and Physi- 
ology, held in December, 1S1>S. Even if this were true, however, 
which the writer is still inclined to doubt, it would neveitheless l)e 
necessary to have a distinguishing term, as the jrgan has now^ assumed 
a specialized function different from the original. The writers view 
that the blepharoplast is probably a distinct organ from the centro- 
some lias n^ceived the support of Shaw (102), Mottier (89), Stmsburger 



^ Aiif (licse WcM*«(' bositzeii die fiirbbaren Korpercheii iiicht nur in Folge ihrer Lage 
an (Uii r<)leii dor Kernspindol, wnKh^rn aiirli diirdi iliru Beziehungen zu den aohro- 
inati^tlu'ii KiidiMi alle KigeiithunilichkcMten, welche den C'entrosonien cliarakteris- 
tisrh siiid, nie iiiuhjj(mi daher als t^olcho betraohtet warden (14, p. 202). 
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(112, p. 18n et stq.), and Studiiicka (US), who; 
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will \w. woll to coinparo the blt^phiiroplaHtM of the C^'cads, Glnhjn, and 
ferns with some of the eases of tv[)ieal centrosomes and uciitrosphei'c». 
An (?xliaii«tivo comparison would extend this paper Iievond its desired 
limit;4 and would be of (|uestioiiiihlo value, because the eonti'Oftomo 
question as a whole ix in too great eonfiision to allow an}' final eonelu- 
sion to he reached. 

One of the most typical cases of centrosomcs in plmtts is that 
descHlwd by Swingle in 18HT as occurring in Sti/fifttitttim (Hi). Here 
a minute, <leeply staining, diiinb-bell-sbapcd Ivody occurs at the pole of 
the spindle in karyokinesis, which at the close of division divides into 
two. Both of these remain in close connection with the nuclear mcm- 
bi-ane, but travel in opposite directions until they come to lie at oppo- 
site points on the equator of the nucleus. They are always surrounded 
by rays of kinoplasui, which Iwconio very abundant during spindlo 
formation and division and arc not surrounde(^ by any ditferentiati'd 
sphere of any sort, as so commonly occurs in the centi-o.somes of 
animals. In spindle formation the centrosome appears to be of prime 
importance, a bundle of fibers starting from each centrosome and 
gradually extending into the imileu.'i until the spindle is completely 
formed. Swingle's studies were made with growing vegetative tips, 
which would indicate that the centrosome hero is probably a pdrma- 
nent organ in all stages of growth. Centrosomcs of almost exactly 
the form of those of Sti/jiiwiivl-rni have l»«tin desciihed by Strasburgcr 
(HI) in Fiicm. A very distinct deeply staining centrosome is described, 
which he believes to lie !i peniianont organ of the cell, I'epi'oducing by 
division at ihe end of ejwh nuclear division, thus forming two which 
control the next division. The observations of Farmer and Williams 
(87) are also of interest in this connection. They dcscrilw very marked 
rentrospheres at the poles of the spindle of ^i(c<«, in which an irregular 
numlwrof graimles, possibly representing centrosomw*, can l>eol>served. 
The nnmher and general character of these granules is not unifomi 
and the writers do not attach any significan<'e t<i them. The ceiitro- 
spbcres could not be traced through the resting cell, and are apiwrently 
originated ilc nnvo at each jwiiod of nucjear division. The ivlation of 
the centrospheres to spindle formation was not traced out in detail, 
liut its critnii-ction with the mature spindle and later stages of division 
is unmistakable. In fecundation no vi-slblc centrosphere is hrought 
into the egg by the spcrmatozoid, and Farmer and Williams find no 
support for the statement of Strasburger that an appaix'nt connection 
can be traced between the j>osition of the two centi-ospheres of the 
dividing egg and the limits of the portion of the oospore nucleus which 
belonged to the s{>erm. The connection of the centrosphere with 
cilia foniialion in the spcrmnti'zoids of J^ucim has not heen ti-aced out, 
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7-1 8PKRMATCXJEXESI.S AND FECrXDATlOX OF ZAMIA. 

Imt it is (•(»rUiin that the centrospheres occur here before and after 
focuiulation in connection with spindle formation and karyokinesi.s. 
and arc not simply cilia-fonning organs of the spermatozoid^, if 
iiid(»(»d thcv ain be in any way identified with such a function. 

In Dtctijota^ also, Motticr (89 and l^)) has demonstrated the occurrence 
of ((Mitrosomes similar to thos<^ described in Styp*jcanhm by S>vingle, 
and ill Fncim by Strasburger. They are small, deeply staining bodies, 
located in the center of a large aster, and are apparently peiinanent 
organs of the cell, reproducing by diyision during the reconstruction 
of tli(» daughter nucleus. The centrosomes here also are intimately 
connected with spindle formation, as in the case of Styp^fcauhm^ the 
IiImts growing into the imcleus from each centrosome in forming the 
spindles In the al)oye three cases, StypocauUm^ Fuciis^ and Dictyot^^ 
then* is a great uniformity' of the centrosomes and their action and 
appearance, and the}- are by all means the best worked out, most defi- 
nite, and positiye crises of centrosomes known to occur in plants, though 
many otluu* cases of centrosomes and centrospheres, etc., haye been 
desci'ibed. To th(\se th(» blepharoplasts of Z*imla haye only a yery 
indistinct rcscMublance in }i<«ing located at the center of a group of 
nidiations. In all essential fejitures they are total I3' distinct. 

Ill the diyision of the t('trospore of iJa^yd Dayis (25) has described 
the occunvnce of a liody at the poh* of the spindle which is supposed 
to be a centrosome or c(Mitros])here which in one stage is broken up 
into a mass of graiudes, in this regard resembling the blepharoplasts 
ol Z<(nii(i, 111 other ways and in function they are apparentl^^ yery 
distinct organs from the lilepliaroplasts. 

Ill the fungi seyeral cases of well-authenticated centrosomes or cen- 
trospheres haye been described, but all of them are yery distinct from 
the ])U»pharoplasts of Z<tni In and the Cycads. In the nuclear division in 
the ascus of Krysfj^/o Harper, in a brilliant contribution, has de^c rilled 
the ]>resence of a centrosphere which bikes part in the formation 
of X\w plasma membrane of the spore. In the nucleus just previous to 
division, the ceiitrospheie forms a flattened disk attached to the nuclear 
membnme. I^ater this disk ])econies surrounded with numerous nidia- 
tions. The division of the centrosphere has not been observed here, 
but stages slightly In-fore the diyision, when the two daughter centro- 
spheivs aiv still near together, are figured by Ilarpt^r (51, p. 251, figs. 
4, :». and «>K The i-entrosphere Iumv would seem to ])e a permanent 
oriran of the rell, increasing by division, but this is yet uncertain. Its 
iX>nnection with spindle formation is plainly evident, the fil)ei's grow- 
lUiT i"ti» the nucleus fix>m it toward the chromosomes and finally form- 
ing the spindle. In ^ix»iv formation in the ascus the cn?ntrosphere was 
found by HarixM- to have the novel function of forming the plasma 
membnuie delimiting the >|xhv in the a>;eus, a inethixl of free cell for- 
mation which ha< Uvn ol^servini in no other plare, so far as the writer 
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is informed. This is ac-euDi panted bv a neijk extending out from the 
nucleus at thfi point where the centi"osphere is loc-ated. the centrosphore 
being extended away from the main body of the nucleus farther into 
the cytoplasm. When this neck or be«k ha.'^ reached its definitive 
length the kinoplasmic i-aya all >)end downward and come to lie in a 
plane parallel to tlie nuclear wall and fuse together, forming a l>ell- 
nhajH-d meiiihrane surrounding the nucleus, with the centroaomo form- 
ing its apex. By the growth of thin membrane the nuelous is finally 
entirely .suiToiinded, together with a portion of the L-ytopla'ini of the 
original ascim, and the aseospore delimited. The same process of 
free ciell formation in the delimiting of sfwres in the aat-us has also 
been ejirefulty dcseribod by Huq)ei' as occurring in L(n:hruii and ia 
piolmbly a coinnion method of spore foniiation in asci. The extension 
of the Ijeak from the nucleus whit-h remains in connection with the ceu- 
trosphere while the kinoplasmie rays from the latter fuse together and 
form the plu-snm membrane delimiting the ascospore, is similar to the 
beak from the nucleus of GivX-go and Cynm which Hlrase (62) and 
Ikeno (7U) have found to remain in connection with the blepbaroplaat 
while it is extending in length and forming the cilia of the sp«'rmato- 
zoid. This beak connection also rt>calls the bpak of the nucleus which 
extends out t<i the Muni/stf///: on the plasma membrane of the cell in 
the formation of the cilia of the swarm spore of Viiw-herio as described 
by Strasliurger (112, p. ISS). That there is an analogous relation 
between the nucleus and the centrosphere. Iilepharoplast. and Jfrmd- 
Kfel/e, respectively, in the three cases can not be questioned. 

In the Hepatioe centrospheres have been described by Farmer (83) 
as occurring during spore formation. They fonn the center of a series 
of radiations, and do not l>ecome visible until the radiations are fairly 
well developed. The center of the system of radiations was not always 
occupied by a single granule or centrosome; often sevemi distinct 
granules were visible, forming a microcentrum in the Heidenhain 
sense. The centrospheres disappear at the close of the dix'ision, and 
bt(foi'e each division aiv apparently originated t/r vnen in the cytoplasm 
of the cell in close relation to the nuclei. The interesting feature in 
fonnectiitn witli the centrosomes here and the blepharoplasts in Znmla 
is that they are supp<js<^d to originate '/<■ not-" in the cytoplasm of the 
twll. Studies of sjiermatogenous i-elis of the Hepaticte would doulit- 
less prove of special interest, us a genuine centrosome being present 
in the divisions during sptirc formation may aiso t>e o\pected to occur 
in these divisions as well. 

The cases of centi-osomes among higher plants, or spermatophytes, 
are all as yet open to some degree of doubt. Various authors have 
claimed to have found special granules at the poles of the spindle, and 
that this is the ca-^e can hardly be ipicstioncd. In the divisions head- 
ing to the formation of the pollen in Nijiitjiln^t, Xiiphar, and Limo- 
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(If/rnni^ (jui^nard (4i>) deserilM»s the occurrence of definite ^franules at 
t\\i\ iM>l<?H of th(j Hpindh; which .seem to be similar to centrosomes. He 
claimH that the occrurrence of multipolar spindles can not be taken as 
evid(^nc(! of the noncwcrurrence of centrosomes, as the multipolar spindle 
in which a definite {granule may occur at each pole evidently later 
}>ecom(!H bipolar by the various polar ends of the spindle swinging 
around together and uniting in such a manner as to fonn a normal 
bipolar spindle. Schaffner also claims to have found bodies which he 
calls (•entrosom(\s at the pole of the spindle in Sagittaria (i>9), and in 
root tips of Allium cepa (UK)). Fullmer also claims to have found cen- 
trosom(»s in the seedlings of Plum hirlco and I\ nylvestrls (41). Even 
considt^ring the (claims of Guignard, Schaffner, and Fullmer for the 
pr(»s(»nce of a centrosome in certain ^permatophytes, their occurrence 
is still a (luestlon of gmve doubt. The very careful and complete 
researches of Osti^rhout (94), Mottier (87, 88, etc.), and many others, 
where no indication of a centrosome has been found, throw a doubt 
on the matter, and their presence nmst be confirmed by other investi- 
gators in those plants where they are said to occur before their normal 
and regular occurrence can be credited. They must be of such a 
nature that th(\v can be diMiionstrated to ociHir in the same species of 
plant in the same stage of devel(»pment by various investigators. If 
we are to recognize evani'sceiit bodies as the homologues of centro- 
sonu»s, our whole idea of the importance and nature of these organs 
nnist change. 

Our conception of the centrosphere and centrosome is continually 
cimnging. The original idea of I^)veri (17) that the centrosome is ''a 
distinct, permanent cell orgiui, which, increases by division and sup- 
plii\s (lie dynamic centers for the succeeding cell formations,"* has 
been trn^atlv moditied bv tin* extensive researches of recent veai*s. 
It is no longer looked ui)on as a nei'cssary cell organ reproducing itself 
bv division, a number of instances beinyf known where thevare formed 
</< //f»/'f in the cell. \'arii)us forms are also known, so numerous that 
tliere sihmu^ to ))e almost no corresjK>ndence between them: still there 
an* certain morphological chanicteristics and certain functions which 
mav be saivl to be common to all ci»ntrosomes. The centroscmie or 
ivntnKsphcrc, in its tvi^ii-al sense, as the writer undei*stands it, is an 
oi^gan oi \\w cell, with the folK>wii\g attributes: (I) It is KKnitiHl in the 
ivnter of an a>tiM\ at the pi»h» y^^i the spindle during divisit)n: (2) it has, 
as its >iHHial functiiMi the fornialii»n i»f the spindle and the control 
of tlu* divi-iion; ^.'^^ it «Hrur-. uMially, at loa>t, in the division of sexual 
and einbrvonic cell>. 

In tvpml to the tir^l iM' thc>c pn>|>*witii>n< the writer is m>t aware 

* ** Kin vUr o!,tM*^.t:i»U:i Ziv't^ .v. ^K r liii.-ah" ik ■!i,i:, :.v*u-< .'i^iinku-^ dauermles 
fur ^lio Kntslol\ur.i: »Ur n:.« b-: ru '.ni»to!».ir:; /.k\\k\ :.ot\-: " :7, i-. tV» . 
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■ of the spiiitlln, has bepn considered Ity any investi^tiir iis the 
lologuf of a cniitrosome. An rxception. of coursi-, must be made 
in the case of thp Wepbaroplawtfi of Zainin, Cyciin. and <ritdi/ii, which 
aiv under iliscusi^ioii, if wi> awtept the Ktatt-iiicnt that they are at the 
jH»Ii'K of the spindli". Tlie blppbarojilaHts of .Mfirntfiu, accordiniif to 
IVlujfirw investigatioiirt, iiri- located at tlin pole of the .tpindlc, liut, 
iudjjin^ from his figures, they are not located in the center of an 



In rpgai-d to the flecond pnipoBition. it may be stated tliat in all of the 
well-workitd-out cases in plants whcrp centroMomes or centrospherea 
ot-cur, as in SpImcuUiria, D'lctyoin. Fucun, Hepaticw, etc.. th^ contro- 
aomc is of prime iniportanct> in spindle formation. There are, of course, 
cases which have not l)eL'ii thoroughl)' studied where this is not known 
to he the case. While this statement would hold true in general with 
animal cells, the writer is not sufficiently familiar with the literature 
to discuss the possible exceptions. 

As to the third proposition there is a very (jreat difference in differ- 
ent cases. The original idea of Boveri that the centrosome is a itecea- 
eary and permanent "w/j/f-n.-m organ of the cell, passing from cell to 
cell in division, has probably been abandoned by all investigators of 
the present day. It is claimed in various plants and animals Ui origi- 
nate ({•■ novo in the cell, or at least become visible only at certain stages 
and in certain tissues. However, in all cases of genuine centrosomes 
known to the writer, they occur regularly in the cell divisions of cer- 
tain tissues and seem to be niaiidy concerned with the spindle forma- 
tion and division, having this as their prime if not sole iindonly function. 

Considered in comparison with the aliove-descrilied iittributt'S of a 
centrosome, the blephiirop lasts of Z/iinut. (''/■■<i«. i\w\ liiukgn would 
spem to be very distinct organs. In Z-imia the Mepliiiroplitst is located 
in the center of a very noteworthy aster, but when the spindle ia 
formed there is found to be no connection between this and the 
blcpharoplasts, which are located some distance outside the pole of the 
spindle. The same feature is very noticeable in Vyaix. judging from 
Ikenu's figures 26a and Sflb (7o), and in Oinhjo^ judging from Hirase'a 
figures 18 and 10 (H2). 

The blepharoplast of Zfimin has no discernible part in spindle forma- 
tion, and it is certainly not a spindle-forming and division -directing 
organ. In no stage of the division have the spindle fibers any connec- 
tion with it. The same can he said of Cyim and G/nhjo, so far as 
C4in bo t4>ld by the investigations of Ikeno and Hirase. In (iini-yo in 
particular Hirase (fi2, fig. 18) figures an aster at the pole of the spindle 
inside of which a centrosome should be loirated, if present. The 
blepharoplast with its radiations, however, is located in the cytoplasm 
outside of this, the rays having apparently no connection. 
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In M'lrnilla the matter is more doubtful. Belujffl investigated t 
speriimt<>g(?np«is of Mar/flUn particuUily to determine the rektionsh^l 
of thp lilepharopla.st t<i spindle formation and he describes it as iwciu 
ring at the pole of the xpindle. thus futtilling the requirement of poaid 
tiou for tt ccntroaome. Figures are given illustrating numerooi 
spindle til>ers extending from the nucleus to the blepburopla^t, in tbi 
early stage of spindle formation, >tefore the nuelear membrane I 
disappeared. It must )je admitt^.'d that if these figures are directly; 
ti-aiislated in the light of previous knowledge of the eeutrosome que* 
tion we mn hardly escape the conclusion that the t^odies mu8t servQ 
the pin-pose of a genuine centrosome in sptndle formation, no matte 
what their later function may be. It seems surprising, however, tl 
no radiations extend out from the btepharoplast into the cytoplasm on - 
other sides than toward the nucleus when the spindle fibers would 
appear from the figures to l>e so plainly visible. The centrosome 
usually forms the center of an ust^'r, the rays of which extend out in | 
all direotions. Yet judging from Ik-lajelTs figures there is no indict 
tion of such radiations in Mitiiailm. It would seem possible that i 
MnmUia the hlepharoplast may bo independent of the spindle, thoi 
occupying a position near the mi>eting point of the converging spindle 1 
fibers. Such a l)ody being present in the cell and normally in eloae I 
proximity to the pole of the spindle, it is not surprising that it mighJ 
appt'ai' in some instance to be nearly related to the spindle. Stw 
burger (11:^, p. 198) says that the hlepharoplast is active kinopla» 
and that its collection at the pole of the spindle in spermatogcnotu 
cells of Marsilla does not signify particularly as to it« relation to t 
spindle threads. 

The writer is well aware that the great majority of inyestigatonj 
would consider Belajeff's tigures and investigations ns conclusive eviJ 
dence of the centrosome nature of the blcpharoplust, and the views a 
this brilliant investigator must meet with careful considemtioi 
matter is far from settled, however. In the light of Strasburgei^ 
investigations on swamispore formation and the origin of the cilia il 
these organs fmm a hlepharoplast, the independent nature of i 
hlepharoplast can not be set aside without further light on the spind] 
forma tit>n in Marsilia, 

In regard tn the occurrence of the blephaixtplasts of Zamia it may ' 
bt^ said that they are of very limited duration, occurring only in the 
central cell, where they originate de inn'c. and enduring through the 
divi.sion of this and the formation of the spennatozoids. They ot:c^E^■ 
thus in only a single division with which they have no material c 
nection. After fec^undation they are lost and do not appear again uoq 
the central cells of the next gpnemtion are developed in the pollfll 
grains. The same is true also of Cyvi* and Ginl-go. In Mareilii 
according to Shaw (102), bodieis similar to the blephar op lasts, whitj 
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he calls blepharoplastoids, occur in the divUioti preceding that, giving 
rise to the centi-al cell, and according to IJelajeff (14) thf y iippcar a 
fen ceil generatioiw earlier, but still in the spcniiatogeuous tissue. It 
is easy to undenstand why hlcpharoplasts should occur in all of the 
spermatogeiious cells resulting fmm the division of the central cell of 
the autheridiuiu. as all of these cells may be considered potential 
sperinatozoids. While in MiirniUa 10 spermatids are fomied by 
four successive divisions of the central cell, in some other species 
R less number of cells is fonned, some of the intermediate divi- 
sions being dropped out. It seems to the writer, from analogy with 
Zniila and Oinh/o, where the hlepbaroplasts appear in the central 
ctjli, that they may l>e expecM-d to occur also in the centml cpll of 
Mart'llii and other ferns with which the centml cell of the pro- 
thiiiliim (antheridium) of Zajiiiu is supposed to be homologous. It 
will Iw remembered that Moore found rudimentary cilia developing in 
tho .sjiermatozoa mother cells of salamander. All of the intervening 
cells l>etween the central cell and the spermatids being considered as 
potential spcniiatids, it bei-omes evident that we should expect bleph- 
aroplasts or their rudiment« to be present. The fai-t brought out by 
Shaw and Belajeff that these bodies apparently appear ile vwo in each 
cell generation and then at the close of the division disappear in the 
cytoplasm, new blepharoplasts arising meanwhile to function in the 
next cell generation, seems to the writer to lend strong support to his 
claim of the independent nature of the blcpharoplast. 

The evidence from the zoological standpoint would seem to entirely 
favor the <rentrosome nature of the blepharoplast, as the almost unani- 
mous conclusion drawn in recent work on spermatogenesis indicates 
that the axial filament arises from a centrosome which forms the mid- 
dle piece of the spermatozoid. After the exhaustive resean-hes of 
Mevcf (Vti). Hermann (55), Moore (8ti), llenda. I^enhossek, Suzuki, 
McGregor, Paulmier, etc., this fact can hardly l>e doubted. Wilson 
atys. in sumiuariKiug the questions of spermatogenesis in animals: 

In n.-\'iewiiig the foregoing loc\» we flnri, ilespite many variations in detail, three 
polntti of [an<l»[iieiitii1 aj^nwnient, naint<ly: (I) Theorif^in of llie Bpenn-nudeiim from 
that of the B|>ennutiil; {2) the ori^n of a part at luuHt of Ihti "middle piet-e" from 
the R|>uniiati<l-centri~>i»i>nies: and (3) tbc out^crowtb of the axial filametil. fmiu one of 
the Hpermatid ix'nlrueoineB. 

Wilson (130, p. ITO) also concluded, as stated atwve, that the cilia- 
forming organ in Ziiiniii, t'l/ais, MamiliH, etc., is to !>e homologi:!ed 
with a centrosome, and the same conclusion is indicated in Henneguy's 
discussion of the matter (54). It would be presumptuous on the ]>art 
of the writer to criticise these conclusions so far as they relat*- to the 
(juet^tiou of spermatogenesis in animals, and they must lie accepted by 
hiui as they stand. He feels, however, that he is justified in refusing 
to admit, at least with the present evidence, that this nuist be taken 
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as settling the matter for plants also, where the whole centroi;ome 
question is on an entirely different plane. 

In connection with Strasburger's theory that the blepharoplasts of 
plants arc derived from the cilia-forming organs of asexual swarm- 
siH>n\s, it is interesting to note that in ordinary ciliated animal cells a 
small, n»f ractive, highly stainable body is developed at the base of each 
ciliiun with which it is connected — the so-called "basal knob" which 
lies near the periphery of the cell. These bodies have recently been 
Ci>nsidered by Henneguy (53) and Lenhossek (78) as of the same nature 
as the i^entrosome. A I'ecent contribution to this question byStud- 
nicka (113) is of speinal interest in this connection. He has studied 
the piKsition and relation of this body to the cilia in numerous inverte- 
brates and vertebrates in different ciliated cells, and concludes that 
this IxKly {'^Fiuaitsfucte''^ or ** Blej)haropla4ft^^) can not be surely identi- 
lieil with a centrosome. It is of special interest that in very many 
instances he found centrosomes near the blepharoplasts in the same 
ivU (in Sii/iintiifidrft tn<wu/at<i and Pttnymyzon jfuviatiii^). It logicall}'' 
follows fnnu this, as he states, that it '*is hardly justified to always 
stv in blephan>pltists spei^ializtnl centix>somes.-' It would follow from 
thi>, if the Uisal knob can In* considered a blepharoplast, that they can 
exist indepmulently in a cell near the centrosomes. from which it fol- 
lows that they can also appear in cells where no centrosomes exist. 

In tracing the derivation of the blepharoplasts it may lie argued that 
while the ivntnxsonie is not at present developed normally in the 
>*Hrious tissues of the CVcads, (riidvo. etc., at one time thev were 
fi^nned nonnally in the N-arious tissues, and in the i^urse of phylo- 
gxMietie development have l>een gradually eliminated from the plant 
in gxMieraK InMug pn^st^rveti and specialized only in the case of the 
s}HM*mati>giMious ivUs where they serve an im)x>rtant and special func- 
tion. No evideniv has as yet IxM^n bn^ught forward, however, on 
which such a iH^nclusion i*an In* liased. Scrushurger*s recent researches 
(I l:J> an^ of the gnmtest im)x>rtance in pointing out the possiV>le deriva- 
tion of the blepharoptast fn>ni organs other than ivntri>:k>mes. He 
tiikes the view tliat the blep)ian>plasts of Zttihi^K <r/wi>/*', etc., are 
hi>moK>ginis to the oitia-fonuing organs of swarmspores in lower plants, 
and have Kvn vieriv^si fnnu thorn. In the tonnation of the swarm- 
s^H^res in rtiMoArrAi, iK^t^nff^hi^tth^ f V<t</<*/»A<»fM, etc., Strasburger has 
found that iht* nuclei approach the pUsiiia nnniibrane of the cell, toward 
which it iHHxmies ^nuewhat sireloheil iHit in the form of a beak. At 
lh«* )H>int when^ tln^ nuclear U^k or extension touches or approaches 
the plasma membrane a lens sha^xnt thickening of the membrane occurs 
fnMu whiv^i the cilia an^ develoj^ni, a small knob Iving diM^mible at 
iht^ l^six of t>aoh ciliunu \x has Kvn thought thai esaoh of these knobs 
might rt^prtMsuMit a ivnttw^imie, but if s<\ tlnn wouKi l^ nomeioiis mud 
dilKeult to aetxHUU for. No ^vnni\ tion l^< \yvn tnkvd 
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these nuineroas h&mii kDu>)s uf the cilia or the entire lens-shaped body 
from which thx^y develop and a centrosome existing in previous cell 
divisions. In the tiiso of (Ed/it/wilum. furthermore, as pointed out by 
Stntsburger, there would seem to be no centrosomen pi-euent. judging 
from the researches of Mitzkewiteh, who figures the spindle us drawn 
to a point at the pole without a eentro»ome. Strasburger concludea 
that the lens-shaped thickenings on the plasma mtimbran<^ from which 
the cilia develop in the case of Vaiuilieria, (Edntjonmrn, etc., are 
to be considered the homologues of the blepharoplaata in Zamni, ate. 
He says: 

This organ vin will at oii<« ilesignatu »s & Mepharuplitat, as I uonsider it homolo- 
gouB to the blepharuplasts of plant Hpcriuatogonia. The name wau well selected; 
at least, I know of no rettsnn for I'hauging it.' 

The development of seVually differentiated gametes is genei-ally 
admitt«d to have taken place by development from swaruispores. and 
a study of plants showing early stages of sexual differentiation is thus 
of importance. Strasburger points out that vaYoLwix, which is such 
a plant, the cilia originate in a Miinilnttlh similar to that of (Edogo- 
niuiii. which he consider* to Ije a blepliaroplast. This derivation of 
the hlephuroplasts of the Cf/ra/l'me'e fi'oni similar organs existing in 
lower plants is of the highe-.t importance and indicates a general sim- 
ilarity in the mode of forming cilia in ail motile reproductive cells. 

Many importimt points yet remain to be determined in regard to 
the blepharoplasts before the controversy regarding their nature can 
be finally settled, "s'o final conclusion can be reached, furthermore, 
until our knowledge of the typical centrosome has been extended and 
systematized so that it is possible to state what constitutes a centro- 
souie. If the writer by his efforts hius in any degree aided in paving 
the way to an earlier nndcr^tiindtiig of the njatter, he is satisfied. 

STTMBtART. 

(1) The researches have shown that there are at least two species of 
Zamut in Florida, where only one has heretofore lieen recognized aa 
occurring. These are Ziimia flitrtd'init DC. and Z. pumiln L. It 
WBfl found that neither of the forms studied could l>e referred to 
Z. integ-rifolia Jacq.. as has been done heretofore, this being a very 
distinct West Indian species. 

(2) Zimia cones in various stages of development can be shipped 
by mail or express at least a three to five days' journey, and arrive in 
perfectly satisfactory condition for microscopic embryo logical study. 
Material jireserv'ed in the cone for six to ten days, as this requires, 
has been carefully compared with freshly cut material and found to 

' DJMWS Orf^n woileu wir ^leich ale BlepharoplaHten bezeichiien ilaich twfOr liomulo^ 
den Blephnmpliuten iler pflanxlichen Speriiiaiogoiiien liulle. Dcr Name kitnn all 
gut gewahit ^llen, ziitd Mindi^t^n Hche ich keine VerEinlHaaung iha zu aad'tm. 
5526— No. 2—01 6 
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have undergone no perceptible change. Zamia material in good con- 
dition for demonstration and for careful study of the details of sper- 
matogenesis and fecundation can thus easily be obtained by any of the 
uuivei-sities in Elastern United States. The comparative dates of 
development of different stages is given in the paper. 

(3) Pollination is accomplished by the wind. The scales of the cone 
gradually reflex from the base upward in regular sequence, leaving an 
opening about one-fourth of an inch wide between the scales when fully 
open, into which the pollen must be blown to cause fecundation. 
When blown into the cone in this way it naturally rattles down to the 
axi:< of the cone near the micropyle of the ovary. In the further 
process of pollination a mucilaginous fluid is evidently extruded, which 
catches the pollen grains and is later drawn into the pollen chamber 
at the apex of the nucellus, either by absorption or by suction created 
by the breaking down of the tissue in the fonnation of the pollen 
chamlH^r. In this way the pollen grains come to lie in the pollen 
chaml>er at the apex of the nucellas, where they germinate and form 
the spernmtozoids. 

(4) The mature pollen grain has two small prothallial cells cut off on 
one side of the grain, which are developed while the grain is still in the 
pi>llen sac. Ind legations of a resorbed prothallial cell have been 
ol>served in mature pollen grains and in grains shortly after germina- 
tion. While tho development of the pollen grain has not been followed, 
and the matter is somewhat doubtful, yet it is believed that three pro- 
thallial ct^lls aiv cut off (x*casionally, if not regularly, the first of which 
is uniformly ivsorbed, as in the case of Ginkgo and Piniis. The two 
tvlls which ivnmin plainly evident in the pollen-grain cells are referred 
to as the tii*st and sei»ond prothallial cells, in the order of their formation. 

(5) In the development of a stalk cell and central cell (generative 
cell or Kor^hr \^\\) Znmia is found to c^orrespond very closely to the 
C'onifenv lis dest»rilH*d by Stmsburger and Belajeff. The general proc- 
ess is i^UsouitHl, however, by the early development of the prothallial 
ivlls U^foiv the division of the stH'i>nd prothallial cell occui-s. The first 
pn^thallial cell early In^gins to aix'h out into the sei^ond prothallial cell. 
As the deveK>pment pi\>givsses this continues till the second prothallial 
cell ionjes ti> surround the main iKniy of the tirst prothallial cell. The 
divi>»ii>u i>f the secouil pi\>thHllial ivll iHvurs after this condition is 
formed aiul the lower end o{ the spindle is crowdeil to one side by the 
intruding* tiist prothullial cell. When the wall separating the stalk 
cell luul the cent ml ct»ll is t\>rnied it is liH^teii near the apex of the first 
pix^tlmllial cell, m» that the pu^c/lingapiH'araniv of a cell surrounding a 
cell i^ t\>rnuHl The nucleu>i of the stalk ivU is alwavs crowded to one 
side bv the tirst pixttlmlUul ct^ll. The writer has found the same proc- 
ess of vleveU^pmeut t\» m'i'ur in <///*X</»> also. 

(k\) Shortly after the couipletiiMi of this division the blepharoplasts 
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arise Id the central <;ell, tx-ing formed il^^ novo iu the cytoplasm eitlier 
iu close proximity to tbe nuclear membrane or midway between the 
nuclear membrane und cell wall. They are at first very small, V>eing 
scarcely more than points where a few radiating filaments convei^. 
No distinct granules or differentiated central oigan can be detected at 
this time. 

(7) The blepharoplasts gradually increase in size, an outside sur- 
rounding membiTine and vacuolated content*) of different structure 
and composition being soon differentiated. They coutiuue to grow 
until they reach a size, shortly Iwfore division, of almut 18 to iiU yU in 
diameter. The kinoplasmtc filaments, of which there were at first 
very few, increase in number until they become very numerous. The 
entire central c«ll and nucleus, together with the stalk cell and nucleus 
also, gi'ow very materially in size. 

(S) Tbe prophase of division of the central cell appears to be the same 
as in ordinary cells. In this stage the btepharoplast has reatihed its 
large.'jt size and has frequently become elliptical. It« contents present 
a beautiful, i-egularly vacuolate structure, and stain red with safranin. 

(9) A synapsis stage is formed in tbe division of the central cell 
similar to the synapsis stage in the division of tbe pollen mother cells 
of various plants. This condition is not due t^ contraction, as the 
entire nucleus is filled with an unstained ground plasm which exhib- 
its a reticular structure and shows no indication of contraction. In 
the collection of the chromatin matter around the nucleolus the chro- 
matin gi-anules apparently move along the meshes of this reticulum. 

(10) As the division approaches the equatorial-plate stage the ble- 
pharoplasts begin to break up, the contents contracting and gradually 
disappearing, while the outer membrane begins to break apart here 
and there and can lie ob8erve<l to be made up of very numerous gran- 
ules. The kinoplasuiic tibiments .surrounding the blepharoplast, which 
in the previous stage had tx'cn very abundant, seem to hare disap- 
peared or at least are unrecognizable from the surrounding reticulum. 

[ (11) The spindle is developed while tbe nuclear membrane is intact 

throughout, being apparently entirely of nuclear origin. In the equa- 
torial-plate stage none of tbe spindle filwrs can be traced beyond the 
nuclear membi-ane, and certainly have no connection with the ble- 
I' pharoplast. 

( (li!) In an early anaphase the stainable contents of the blepharoplast 

I have entirely disappeared, its place being taken by a colorless ground 
j plasm. The outer membrane is more segmented and the individual 
I granules of tbe membrane are clearly distinguishable. The nuclear 
!' membrane has broken down and its place is oc^-upied by spindle filters, 
|l which preserve the original shape of the nucleus. The spindle is 
' fuliv formed now and the jxih's push verv slightlv out of the original 
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pole of the i^piiidle. In well-stained spctiims the spindle fibera can I 
seen to end abniptly in a loose reticular cytoplasm, a specialized an 
of which surrounds the pole of the .spindle in the loi-ationn where tJiOi 
daughter nuclei are to be organized. The radiations surrounding t 
blepharuplast still exist in this stage, but are by no means so plain and* 
abundant as in earlier stages. They have no connection with 1 
spindle fillers, and end in the cytoplasm before they reach the special- I 
ized area of cytoplasm surrojindiiig the spindle pole. 

(13) In no 8tage have the kinoptasmic nidiatioms of the blepbaroplast I 
be«n observed to grow in and take part in spindle formation, or in any 
way have any connection with the spindle other than that they lie in 
the line of jtymmetry of the cell, being naturallj' ju.st oubiidB the poles 
of the spindle. 

(li) Asdevelopment progresses the blepharoplasts break up entirely 
into numerous granules, the granules being apparently the same as 
those visible in the structure of the membrane of the blepharoplast 
in the last stage. By the time the blepbaroplast has reached this 
stage the daughter nuclei have been fairly well organized. 

(15) During the fonnatlrm of the cell plate by the contraction and 
metamorphowis of the spindle fibers the process of organizing the cilia- 
bearing >mnd from the blcpharoplaet is in progress. At first a slight 
line can l)e obser\ed protruding slightly from the mass of granules of 
the blepbaroplast. This line gradually increases in length, and one 
grows out on the opposite side of the mass of granules in the same 
waj'. Finally this line can be observed to have a definite width, 
which gradually increases. Careful observation shows this Uknd to 
be formed by the fusion of the granules of the blcphai'oplast, a fact 
first pointed out by the writflr. As Uie band continues to grow in 
length and width the blepbaroplast granules gi-adually disappear until 
finally all are used up. The daughter nuclei by this time have reached 
a resting condition and form the spermatid cells which later become 
metamorphosed into the spermatozoids. 

(16) A feature brought out in the writer's studies of Z-jml'i for the 
first time is that here the entire spermatid cell is metamorphosed into 

a spermatozoid, there being no difi'erentiation of spermatozoids inside fl 
of a mother cell, as was previously understood to be the case in thea 
spermatogenej^is of plants. 

(IT) The Iwnd formed, aa above described, continues to grow inJ 
length some time after the disappearance of the giitnules of thq'S 
blepbaroplast. At this time it has usually formed one turn arouu" 
the spermatid. It is first located in the cytoplasm midway betwe* 
the nucleus and periphery of the cell, but ultimately moves out a 
becomes appressed against the plasma membrane. It assumes ' 
form of a helicoid spiral lus it elongates and finally makes from t 
to six turns around the cell. In a very early stage protuberances c 
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! dt^ti nibbed on the outer siiifate of the band whiih ultimately 
grow into cilia, 

(IS) While the growth iind division of tbc central cell has been 
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c occun-ed in the upper part • 
muU of the pollen tulies have grown 
int^j the archegonial chaniljer over the 
In fiTiindHtiori the pollen tulws grow 



down until they crowd against the neck cells, and. being under severe 
tension, hurst and discharge the sperniatDzoids over the archegonia. 
The fluid for the swimming of the spermatozoids is surely fonned in 
part from the pollen tulie and may be partially foniied by extnision 
from the egg cell. 

(If) The mature apermatozoids are the largest known to occur in any 
plant or animal, being visible to the unaided eye. Their motion.'? have 
been carefully studied by keeping them alive in sugar solutions. They 
are o\-ate or nearly spherical, the apex of the ciliferous spimi lieing 
usually more or less pointed. Their motion is mainly by the aid of 
the cilia, but besides this they have a soit of selective amceboid 
motion of the spiral end. ' 

(20) In fecundation the entire spermatozoid enters the egg cell, 
swimming in between the ruptured neck cells. Jwmetimes two or 
three .spermatozoids enter the same egg. but only one is used in 
fecundation, the othei-s perishing. 

(il) On entering the upper part of the egg cytoplasm the nucleus 
escapes from the spermatozoid. being left slightly in rear of the active 
ciliferous band. The plasma membrane of the spermatozoid entirely 
disappenrs, seeming to unite with the cvtoplasm of the egg. and thie 
allows the spermatozoid cytoplasm also to unite with the egg cyto- 
plasm and leaves the nucleus free. The ciliferous band remains at the 
apex of the egg cell in the cytoplasm and the nucleus passes on to the 
egg nucleus, with which it unites. 

(22) Fecundation thus consists of a fusion of two entire cells — cyto- 
plasm with cytoplasm and nucleus with nucleus. 

(33) The first division of the egg nucleas has not been observed, but 
the second and later divisions have been carefully studied. In noca«e 
of the cleavage divisions has any centrosome been observed or other 
body at the pole of the spindle which might bo confused with a cen- 
trosome. The development has been followed until the embryo ie 
fairly well organized, so that it may be concluded that there is no cen- 
trosome present in the divisions closely following the tirst cleavage of 
the egg nucleus. It is certain that the ciliferous band, which repre- 
sents the blepbaroplast of the spermatid, has no function in the forma- 
tion of the first cleaiage spindle or the spindles in any of the divisions 
immediately following, w* it remains intact at the apex of the egg 
cell until the egg nucleus has divided into very many small nuclei. 
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It disappeai-ri later, during the forniation of the embryo, being appar- 
ently absorbed during the process. 

(24) The function of the blepharoplast from the results obtained in 
this ^tudy appears to be siuiply the foi-mation of the motile cilia and 
the transportation of the male cell. It forms the machinerj of loco- 
motion. 

(25) The greatest interest in the present paper is in the relation of 
the blepharopla-st to centrosomes or centrospheres. They are found 
to differ from centrosomes as generally understood (1) in not forming 
the centerof an aster at the pole of the spindle, being located entirely 
outside of the spindle in Zami/i, Ginlffo, and Oycaa; (2) in having no 
connection with spindle formation; (3) in being limited to the dinsion 
of a single cell, thus to one cell generation, do similar organ appear- 
ing in any other st^^ of the plant's development, so far as known, 
and (4) in having a function differing from that of any typical cea- 
trosome, so far as known in plants. 

(26) Considering the oi^ns distinct from centrosomes, the writer 
in an earlier preliminary paper called them M^pharoplaMa. This the 
writer contends was justi liable and proper, even if the oi^ans are finally 
proven to be the homologuos of centrosomes. They are now very 
certainlj' specialized organs functioning only as cilia formers. 

Washisoton, D. C May L 1901. 

Note. — Since this monograph went to pi-ess aeverai important papers 
bearing dii-ectly on the subject have appeared, but as these do not 
serve to change the writer's conclusions or materially affect the dis- 
cussion, no special considei-ation of them is here necessaiy. The most 
important of these is Dr. S. Ikeno's paper entitled "Contribution a 
I'^tude dc la fficondation chez le Ginkgo biloba," published in 1891 
(Ann. d. Sci. Nat. Bot. VII, sr. 13: 30&-318). 
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EXPLANATION OF ILLUSTRATIONS. 



All of the figured were drawn with the aid of a camera lucida, and where high 
magnification was lued, with Zeiss apochromatic objectives 3 mm., n. a. 1.40, or 
2 mm., n. a. 1.30. 
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PLATE I. 

Zamia floridana. 

Fig. 1. Median longitudinal section through upper part of o\nileat time of pollina- 
tion: c, coat of ovule; m, micropyle; pc, pollen chamber; n, nucellus; p, protballus. 
( X 18 diam. ) 
Fig. 2. Median cross section of female cone at time of pollination. (\ nat. size. ) 
Fig. 3. Mature pollen cone with pollen shedding. ( J nat. size. ) 
Fig. 4. Cross section of mature pollen cone, showing pollen sacks on lower surface 
of scales. (Jnat. size. ) 

Fig. 5. Median longitudinal section through apex of nucellus, showing pollen 
chamber and developing pollen tubes. ( X 100 diam.) 
Fig. 6. Cone at time of fecundation, having reached maximum size. (} nat. size. ) 
Fig. 7. Scale and attached seeds at time of fecundation. ( } nat. size. ) 
Fig. 8. Two seeds at time of fecundation, having reached maximum size. (J nat. 
size. ) 

Fig. 9. Median section through seed just before fecundation, showing relative size 
and location of parts (diagrammatic); c, coat of ovule; m, micropyle; n, nucellus, 
showing pollen tubes hanging down into the archegonal chamber ac; c, ^g cell; p, 
prothallus. ( X 3 diam. ) 

Figi 10. Median section through young archegonium, showing central cell and 
nucleus before the cutting off of the canal cell. ( X 100 diam.) 
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PLATE II. 

Zamia floridana and Zamiapumila. 

Fig. 11. Mature pollen ^rain in water. At the jwint of attachment of the two pro- 
thallial cells, on the left, a dark crescent-shaped line represents a dark layer in the 
cell wall of pollen grain, which niay be the remains of a third resorbe<i prothallial 
cell. (X 1,200 diam.) 

Fig. 12. Germinating i>ollen grain, early stage. The two prothallial <;ells have not 
yet begun to increase in size. ( X 600 diam. ) 

Fig. 13. Germinating pollen grain, later stage. The tube nucleus has increased in 
size and has passed out of the old grain into the tube, the prothallial cells still 
remain unchanged. A dark line at base of attachment of prothallus in this tube 
may be the remains of a third prothallial cell. ( X HOO diam.) 

Fig. 14. Germinating p>ollen grain, later stage. Here the first prothallial cell has 
just started to push out into the second {)rothallial cell. ( X 600 diam.) 

Fig. 15. Germinating pollen grain, later stage. The first prothallial cell has 
crowded out into the second prothallial cell in a marked degree. ( X 600 diam.) 

Fig. 16. Transverse section of second prothallial cell in early prophase of division, 
showing one of the bodies which may occasionally be found, that resemble the early 
stages of a blepharoplast. ( X 1,200 diam. ) . 

Fig. 17. Pollen tube penetrating nucellar tissue, and showing the nucleus of the 
second prothallial cell in division, the lower end of the spindle ))eing crowded to one 
side by the intruding first prothallial cell. ( X 600 diam.) 

Fig. 18. Prothallus of i)ollen tube immediately after the completion of the division 
of the second prothallial cell into a stalk cell and central cell. Two starch grains are 
shown here in the second prothallial cell. ( X 600 diam.) 

Fig. 19. Prothallus of jwllen tulx? in a later stajje of development after the appear- 
ance of the blepharojilasts. The tlouble plasma mem]>rane separating the first i)ro- 
thallial cell and stalk cell, which is here visible, shows that thei:e are two distinct 
and independent cells of separate origin. ( X 600 tliam. ) 

Fig. 20. Prothallus of |)ollen tu]>e in a later stage of development after central cell 
has become elongated and the blepharoplasts have taken position on opiK)site sides 
of the nucleus, corresi)onding to the longitudinal axis of the pollen tube. Starch 
grains have be^un to appear in the stalk cell, etc. ( X 600 diam.) 

Fig. 21. Prothallus of pollen tulx) very much later after the division of the central 
cell; the blepharoplasts have separated into granules which are starting to organize 
the ciliferous ))and. The first prothallial cell and stalk cell have )>ecome gorge<i with 
starch. The original size of the attachment of the first prothallial cell is clearly 
shown at base of that cell. ( X 300 diam. ) This tul>e is magnified only one-half as 
much as that shown in fig. 20. 

Fig. 22. Prothallus showing the interior first )>rothallial cell crowding into the 
central cell. ( X 300 diam. ) 

Fig. 23. Cross section of pollen tul^e extending through stalk cell and interior first 
prothallial cell: »/', wall of iK)llen tul)e; rp, cytoplasm of pollen tube; sr^ stalk cell; 
PI, first prothallial cell. ( X 300 diam. ) 

Fig. 24. Central cell with blepharoi)lasts shortly after origin. (X 1,200 diam.) 

Fig. 25. Central cell with blepharoplasts near together and somewhat older, when 
outer membrane has )H»en <lifferentiated. ( X l,2lX) diam. ) 

Fig. 26. Central cell with ])lephan)plasts in median stage of tlevelopment, showing 
relation of kinoplasmic radiations to reticulum of cytoj^lasm. ( X 1,200 diam. ) 

Fig. 27. Nucleus of central cell in early prophase of division, the chmmatin matter 
beginning to collect in granular masses. ( X ^^) diam. ) 

Fig. 28. Nucleus of central cell in later prophase of division, the chromatin having 
collected in a skein. ( X li^O diam. ) 

Fig. 29. Blepharoplasts, showing vacuolated contents and refractive l)odies resem- 
bling crystalloids. ( X 1,200 diam. ) 
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PLATE III. 
Zamia floridaria and Zamia pumila. 

Fig. 30. Division of central t«ll, synapeie stage, showing the collection of the 
chromatin matter around the nucleohis, and reticular ground plasm filling the 
remaining portion of the nucleus. ( X 350 diam. ) 

Fig. 31. Division of central cell, equatorial plate stage, showing the blunt-poled 
intranuclear spindle, the outer membrane of the blepharoplasts breaking up, and the 
contracting of the contents of the blepharoplast. ( X 350 diam. ) 

Fig. 32. One of the blepharoplasts from the alx>ve cell more highly magnified, 
showing the breaking up of the exterior membrane and the disappearance of the 
contents. (X 1,200 diam.) 

Fig. 33. Division of central cell, early anaphase, showing hyaline cytoplasmic 
areas around the jjoles and disconnection of the blepharoplasts with the spindle. 
(X 350 diam.) 

Fig. 34. One of the blepharoplasts and the pole of the spindle from the above cell 
more highly magnified, to show this relation of the kinoplasmic rays surrounding the 
blepharoplasts to the spindle fibers, the granular stnicture of the outer membrane 
of the blepharoplast, and its 8ei)aration and contents at this time. ( X 1,200 diam. ) 

Fig. 35. Division of central cell, early telophase, showing the reorganization of the 
daughter nuclei. The blepharoplasts have separated into groups of granules, which 
in this stage, are nearly as large as the daughter nuclei. ( X 350 diam. ) (Compare 
this with a photomicrograph of the same cell, PI. V, fig. 63. ) 

Fig. 36. Two attache<l spermatids formed by the completion of the divisicm4>f the 
central cell. The blepharoplast is in the process of organizing the ci'* * ^ \jgjL by . 

the fusion of the granules. ( X 350 diam. ) 

Fig. 37. Organization of the ciliferous band by a fusion of the j ^^lea ♦ the 

blepharoplast. (X 1,200 diam.) 

Fig. 38. Fusion of the granules of the blepharoplast in the formation of the cilifer- 
ous band. (X 1,200 diam.) 

Fig. 39. Spermatid showing irregular projections from the nucleus, and with cilifer- 
ous band in process of construction. ( X 350 diam. ) 
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PLATE IV. 
Zamia fioridana and Zamiapumila, 

Fig. 40. Spermatid with section of ciliferous >>and in cytoplasm, showing protuber- 
ances on outer side. ( X 600 diam. ) 

Fig. 41. Spermatid with section of ciliferous band in cytoplasm, showing radiations 
from outer surface. ( X 350 diam. ) 

Fig. 42. Median section of two spermatids where ciliferous band has made a single 
turn around the cell, showing band in section appressefl against the plasma membrane 
on opposite sides of the nucleus. (X 350 diam. ) 

Fig. 43. Tangential surface section of a spermatid, showing surface of band when 
it had made a single turn. (X 350 diam. ) 

Fig. 44. Formation of double plasma membrane in the division of the central cell. 
(X 1.800 diam.) 

Fig. 45. Mature spermatozoids in median section, showing nuclei, ciliferous band, 
etc. (X 200 diam.) 

Fig. 46. Cross-section of apex of spermatozoid, showing attachment of cilia to band 
which lies immediately below the plasma membrane. ( X 000 diam. ) 

Fig. 47. Separation of spermatozoids under the influence of sugar solution: a, 
mature pollen tube just before motion began; b, c, and ef, after the motion of the 
cilia had begun, showing stages in the gradual pulling apart of the spermatozoids. 

Fig. 48. Pollen tube in a median stage of growth, showing the tube nucleus near 
the distal end of the tube. ( X 75 diam. ) 

Figs. 49 and 50. Pollen tubes, showing different shapes assumed by the tubes in the 
course of the growth of the proximal end, just preceding fecundation. ( X 75 diam. ) 

Fig. 51. Apex of nucellus, showing the proximal ends of the pollen tubes hanging 
down in the archegonial chamber shortly before fecundation. The tube nuclei have 
returned and taken position near the prothallus. ( X 75 diam. ) 
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PLATE V. 
Zamiafloridana and ZamiapumUa. 

Fig. 52. Mature spermatozoid while swimming free. (X 200 diam.) 

Fig. 53. Spermatozoid showing apex of spiral. 

Fig. 54. Fecundated egg cell immediately before nuclear fusion, the nucleus of the 
spermatozoid having separated from the ciliferous band and cytoplasm, lies free in 
the protoplasm at the apex of the egg cell ready to travel on alone and fuse with the 
egg nucleus. ( X 25 diam. ) 

Fig. 55. Egg ceW immediately after the fusion of the male and female nuclei, show- 
ing male nucleus in the upper portion of the oosphere, and the isolated ciliferous 
band of the spermatozoid which produced the fecundation lying free in the cytoplasm 
at the apex of the egg cell. A second spermatozoid trying to gain entrance is shown 
at apex of trell. ( X 25 diam.) 

Fig. 56. Egg cell immediately after fusion of male and female nuclei as in fig. 55, 
showing longitudinal section of ciliferous spiral band and a portion of the cytoplasm 
of the spermatozoid. ( X 25 diam. ) 

Fig. 57. Sc<:tion through the apex of a fecundated egg cell showing the remains of 
the c>'topla8m and ciliferous band of the spermatozoid surrounded by the cytoplasm 
of the egg cell. (X 350 diam. ) 
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PLATE VI. 
Zamiafloridana and Zamia pumila. Photomicrographs of various stages. 

Fig. 58. Central cell in pollen tabe showing blepharoplasts, nucleus, nucleolus 
and tube nucleus below to the left ( X 200 diam. ) 

Fig. 59. Central cell in early prophase of division, showing blepharoplasts, con- 
traction of nuclear membrane between blepharoplasts, nucleolus, and granular col- 
lections of chromatin matter. ( X 300 diam. ) 

Fig. 60. Polar view of mature blepharoplast, showing radiations, (x 400 diam.) 

Fig. 61. Blepharoplast, showing contraction of contents and breaking of outer 
membrane into segments. ( X 400 diam. ) 

Fig. 62. Central cell in early anaphase of division, showing the relation uf the 
blepharoplast (one only being visible) to the spindle. The clear, specialized cyto- 
plasmic areas between the blepharoplast and the poles of the spindle are well shown. 
(X 400 diam.) 

Fig. 63. Central cell in telophase of division, showing the blepharoplast in granules, 
the small daughter nuclei, and the formation of the cell plate by the contraction of 
the spindle fibers. ( X 500 diam. ) 

Fig. 64. Polar view of the blepharoplast in slightly later stage, showing tlie fusion 
of the granules to form the ciliferous band. ( X 400 diam.) 

Fig. 65. Two spermatids where the ciliferous band has made one turn around the 
cdl. (X 200 diam.) 
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PLATE VII. 
Photomicrographs of Zamiafloridana, 

Fig. 66. Central cell in late telophase with the hlepharoplaat in gnnnlM and fhe 
delimiting plasma membrane well formed. ( X 550 diam.) 

Fig. 67. Mature spermatozoids in median section, showing nudensi etc. (X IH 
diam. ) 

Fig. 68. Mature spemiatozoid swimming free in pollen tube. * (X 200 diam.) 

Fig. 69. Median section of helicoid ciliferous l)and in cytoplasm at apex of 0gg eiD 
after escape of the nucleus, showing cilia still attached. Numerous little oomefe-libl 
figures of kinoplasm formed here and there in the cytoplasm of the egg cell ftt tllil 
time are also shown. ( X 450 diam. ) 

Fig. 70. Fjgg cell after fecundation, showing a spermatozoid which did not gdft 

entrance and an empty ciliferous band in apex of egg cell. The egg nucleiui is viribll 

in the lower part of the section, but the male nucleus which has fused with it 

not visible. ( X 50 diam. ) 
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